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TITLE ; Peptides that Modulate the Interaction of B class Ephrins and PDZ Domains 
FIELD OF THE IIHVENTION 

The invention relates to complexes comprising a B class ephrin with a PDZ domain binding site, 
5 and a PDZ domain containing protein; peptides tiiat interfere with the interaction of a B class ephrin wifli 
a PDZ domain binding site, and a PDZ domain containing protein; and. uses of the peptides and 
complexes. 

BACKGROUND OF THE INVENTION 

Among the large number of recq)tor tyrosine kinases (RTK) identified in metazoan organisms. 

10 the members of the Eph famUy are unusual in several respects. Although only one Eph RTK is known to 
be encoded by the Caenorhabditis elegans genome (the vab-J gene product (2)). vertebrates ^ically 
possess up to 14 genes for Eph receptors, suggesting that tiiese tyrosine kinases may be important in 
controllmg complex ceUular mteractions (3,4). Consistent widi this possibility, C. elegans VAB-l 
regulates morphogenetic cell movements during ventral closure in the embiyo (2). while vertebrate Eph 

15 receptm have been implicated in controlling axon guidance and fasciculation, in specifying topograj^ic 
map formation widiin die central nervous system, in organizingthe movements of neural crest cells during 
development, m directing fusion of q>itiielial sheets in closure of the palate, and m angiogenesis (5-*lS}. 

Early work on the ejqnession patterns of EphB2 (formerly Nuk) suggested that tiiis receptor is 
clustered at sites of cell-cell junctions in the developing mouse mid-brain, and raised the possibility dmt 

20 Eph receptorsntightmediatesignals imtialed by direct ceII-ceUinteracti(ms(9^ Several lines of evidence 
support die notion that Eph receptors are normally activated ligands diat are physically associated wiA 
the sur&ce of an adjacent cell. AU known ligands fiir the Eph receptors (termed ephrins) are related in 
sequence, but can be divided mto two groups based on dieir C-terminal motifs. The ephrin A class of 
ligands become modified by a C-tenninal gtycosylphosphatidyl inositol (GPI) moiety, through which the 

25 ligandisandioredtothesurficeoftfaeligand-expressmgcell(7,9tld). In contrast B-typeqihrins possess 
a transmembraneelement,and a highly conserved cytoplasmic tail comprisedof 82-88 0>tenninal residues 
(17-22). The Eph receptors can, in turn, be divided into A and B subgroups based on tiieir sequence 
sunOarity and their propensity to bind soluble forms of either A or B type ephrins. respectively (4.23.24). 
However, ahhough sohible qihrins bind tightly to die relevant receptors, consistent activation of Eph 

30 tyrosine kinase activity requires ehfaer that the ligands be artificially clustered into oligomers, en* tiiat 
receptor-expressing celb be co-cuhuredwidi cells expressing membra These 
data suggest diat the ability of ephrms to aggregate and thereby activate Efh receptors depends on thdr 
attachment to die cell surface, consistent widi die view that Eph receptor signaling inv Ives cell-cell 
interactions. £)uring embryonic devel pment in die mouse, Eph receptors and their ligands are expressed 

35 m dynamic but complemoitary patterns, mdicating that Eph receptors are likely activated at boundaries 
vdiere Eph and ephrin-expressing cells are directiy juxtaposed to one anodier (23, 25). 
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Genetic analysis f Eph receptor function in C. elegans and the mouse has indicated diat Eph 
receptors have both kinase-dependent and kinase-independent modes of signaling, and raised tte 
possibility that B-type Eph receptors and q>hrins might mediate bi-directional cell-to-ceU signaling (2»6). 
Of interest, the binding of Eph receptors to transmembrane ephrin Bl or ephrin 02, as well as treatment 
5 of ephrin B-expressing celb widi platelet-derived growth factor (PDGF), leads to the phosphoiylatioi) of 
die ephrins on tyrosbe residues within dieir highly conserved cytoplasmic tails (26,27). FurthOTnore, 
expression of the cytoplasmic tail of ^Xenopus ephrin B molecule leads to a striking loss of cell adhesion 
in Xenopus embryos, an effect that is suppressed by treatment with fibroblast growth factor (2S). 
SUMMARY OF THE INVENTION 

10 B class ephrins function as ligands for B class Eph receptor tyrosine kh&ases and possess an 

intrinsic signalmg function. The sequence at the carboxy-terminus of B-type ephrins contains a PDZ 
binding site, providing a mechanism durough which transmembrane ephrins interact with cytoplaanic 
proteins. A day 10.5 mouse embryonic expression library was screened with a biotinylated pq3tide 
corresponding to the C-terminus of ephrin B3. Three of the positive cDNAs encoded polypeptides with 

15 multiple PDZ domains, representing fragments of the molecule GRIP* die protein syntenin and PHIP» a 
novel PDZ domain-containingprotem related to Caenorhabditis elegans PAR-3. In addition, the binding 
specificities of PDZ domains previously predicted by an oriented library approach (1) identified die 
tyrosme phosfAatase FAP-1 as a potential binding partner for B ephrins. In vitro studies demonstrated 
that the fifUi PDZ domain of FAP-1 and fiill-lengdi syntenin bound ephrin Bl via the C-terminal motif. 

2 0 Lasdy, syntenin and ephrin Bl could be co*inmiunoprecipitated from transfected Cos-1 cells, indicating 
that PDZ domaui bmding of B ephrins occun in cells. These results mdicate tiuit the C-teiminal motif 
of B ephrins provides a bindmg site for q[>ecific PDZ domain-containing protems, which potentially 
localize die transmembrane ligands for interactions whfa Eph receptors or participate in signaling whfam 
ephrin B-expressing cells. 

2 5 Broadly stated the present invention relates to a complex comprising a B class ephrin and a PDZ 

domain containing protein. The invention is also directed to a peptide derived from the PDZ binding 
domain of a B class ephrin. The invention also contemplates antibodies q>ecific for the complexes and 
peptides of the invention. 

The present invention also provides a mediod of modulating die interaction of a B class ephrin 

3 0 and a PDZ domain contammg protein comprising administering an efiTective amount of one or more of the 

following: (a) a complex comprising a B class ephrin and a PDZ domain containing protein; (b) a peptide 
derived from die PDZ binding domain of a B class ephrin; or, (c) enhancers or inhibitors of die interaction 
of a B class ephrin and a PDZ domain containing protein. 

The invention still further provides a method for identifying a substance that binds to a complex 
3 5 comprismg a B class ephrin B and a PDZ domain containing protem comprising: (a) reacting die complex 
with at least one substance which potentially can bind with the complex, under conditions which permit 
binding of the substance and complex; and (b) detecting binding, wherein detection of binding indicates 
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the substance binds to th complex. Binding can be detected by ass^ing for substance-complex 
conjugateStOr for activation of Ae B class ephrin B or PDZ domain containing protein. The invention also 
contemplates methods for identifying substances that bind to other intracellularproteins that mteract with 
the complexes of the invention. 
5 Still furdier the invention provides a method for evaluating a conqx>und for its ability to modulate 

die interaction of a B class efdirin and a PDZ domain containing protein. For example, a substance diat 
inhibits or enhances die interaction of die molecules in a complex of die mvention, or a substance which 
binds to die molecules in a complex of die invention may be evaluated. In an embodiment, the mediod 
comprises imviding a complex of the invention, widi a substance whidi binds to die complex, and a test 

1 0 compound under conditions whkh pennit die fcmiadm of conjugates between die substance and complex, 
and removing and/or detecting conjugates. In another embodiment, the mediod comprises providing a B 
class ephrin and a PDZ domain contaming protein, and a test compound, under conditions which permit 
binding of the B class ephrin and PDZ domain contaming protein; and (b) detecting binding, wherein the 
detection of increased or decreased binding relative to bindmg in the absence of the test compound 

15 indicates that the test compound modulates the interaction of a B class ephrin and a PDZ domain 
containing protein. 

Hie present invention also contemplates a peptide of the formula I which interfieres whfa the 
mteraction of a B class ephrin and a PDZ domain ccmtaming protein 

20 X-X'-X^-K-V I 

wherein X represents 0 to 70, preferably 0 to SO, more preferably 2 to 20 amino acids, and X^ and X' each 
represent tyrosine or phosphotyrosine. The invention also relates to analogs of die peptides of the 
invention. 

2 5 Further, the invention relates to a mediod of modulating the interaction of a B chiss ephrin and 

a PDZ dommn contaming protein comprising changing the terminal amino acid Val in a B dass ephrin. 

The ccmiplexes, pqitides and antibodies of the invention, and substances and compounds 
identified using die mediods of the invention may be used to modulate the interaction of a B class e|Arin 
and a PDZ domain contuning protem, and they may be used to modulate cellular processes of cells 

3 0 associated widi B class ejdirins and/or PDZ domain containing proteins (such as proliferation, growdi, 

and/or differentiation, m particular axonog^iesis, nerve cell interacticms and regeneration) in \riiich the 
compounds or substances are introduced. 

Aocorduigty,the complexes, antibodies, peptides, substances and compounds may be formulated 
into compositions for administration to mdividuals suffering fr m disorders associated widi a B class 
35 ephrin such as disordersof die central nerv us system (e.g.neurodegenerativediseases and cases fnorve 
injury). Therefore, the present mvention also relates to a composition comprising ne or more f a 
complex, peptide, or antibody of the mvention, r a substance ore mpoundidratified using the methods 
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of the inventioii, and a phannaceutically acceptable carrier, exciptent or diluent A method for modulating 
proliferatioii, growth, and/or differentiation of cells associated with B class ephrins and/or PDZ domain 
containing proteins is also provided comprising introducing into the cells a complex, peptide or antibody 
of the mvention, a compound or substance identified using the methods of die invention or a composition 
5 contamingsame. Methodsf(^treatingpn)liferadveand/ordifirerentiativedisordersassocia^ 

ephrins and/or PDZ domain containing proteins using the compositions of the mvention are also provided. 

Other objects, features and advantages of the present invention will become ^parent from the 
following detailed description. It should be understood, however, that the detailed description and the 
specific examples while indicatingpreferredembodimentsof the invention are given by way of illustration 
10 only, since various changes and modifications within the spirit and scope of the inventim will become 
^parent to diose skilled in the art from this detailed description. 
BMEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in relation to the drawings in which: 

Fig. 1 . shows the amino acid sequence of the cytoplasmic domains of the human B ej^irins (SEQ. 
15 ID. NOS. IS, 16, and 17); 

Fig. 2A. shows a preferred binding sequence of FAP-1 PDZS(SEQID.N0.18, 19, and 20) below 
a schematic representation of die entire FAP-1 protein tyrosine phosphatase; 

Fig. 2B are diagrammatic representations of die PDZ domain-containmg proteins identified 
through an expression screen widi a biotinylated peptide probe of ephm B3 C-tennmal sequence; 
20 Fig. 2C shows amino acid sequence alignmentof FAP-1 PDZS and of ttie PDZ domains isolated 

in the expression screen (SEQ. ID. NO. 21 to 27); 

Fig. 2D shows the amino acid sequence alignment of PHIP (SEQ ID. NO. 1 ) and PAR-3 (SEQ. 
ID. NO. 34); 

Fig. 3A b a blot showmg the bmdmg of FAP-1 PDZS GST fusion proteins to ephrin Bl ; 
2 5 Fig. 3B is a blot showing tiie bmding of FAP-1 PDZS fiisim proteins to ephrin Bl ; 

Fig. 3C is a blot showing the binding of syntenm GST proteins to ephrin Bl ; 
Fig. 3D is a blot showing die bmdmg of syntenin GST proteins to ephrin Bl; 
Fig. 4A is a blot showing blocking of FAP-1 PDZS bindmg to ephrin Bl by addhioh of peptides 
corresponding to the C-terminal sequence of B ephrins; 
30 Fig. 4B is a blot showing blocking of syntenin bmdmg to ephrin Bl by addition of peptides 

corresponding to Ae C-terminal sequence of B ephrins; 

Fig. SA b a graph showing fluorescence polarization analysis of GST-FAP-1 PDZ3, and GST- 
FAP-1 PD2^ binding to fiuorescem-labeled peptides corresponding to the C-terminus of ephrin Bl; 

. Fig. SB is a ffaph showmg fluorescence polarization analysis of GST-syntenin binding to 
35 fluoiescein-labeled peptides corresponding to the C-teiminus f ephrin Bl; 

Fig. 6. is a blot showing co-inununoprecipitation of syntenin-FLAG with ephrin Bl; 
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Fig. 7 is a graph showing a fluorescence polarization analysis of GST-PHIP PDZ3 binding to 
fluorescein-Iabelled peptides coiresponding to the C-tenninus of ephrin B 1 ; and 

Fig. 8 is an inununoblot showing diat PHIP PDZ3 binds specifically to V-Src phosphorylated 
ephrin Bl m GST-mbces. 
5 DETAILED DESCRIPTIOW OF THE INVENTION 
Definitions 

Unless otherwise indicated, all terms used herein have the same meaning as they would to one 
skilled in the art of the present invention. Practitioners are particularly directed to Current Protocols m 
Molecular Biology (Ansubel) for definitions and terms of the art 
10 Abbreviations for amino acid residues are the standard 3-ietter and/or Uletter codes used m the 

art to refer to one of the 20 common L-amino acids. Likewise abbreviations for nucleic acids are the 
standard codes used in the art 

"Antibody"* refers to intact monoclonal or polyclonal molecules, and immunologically active 
firagments(e.g. a Fab or (Fab)2 fiagmentXan antibody heavy chain* and antibody light chain, a genetically 

1 5 engineered single chain Fy molecule (Ladner et al, U.S. Pat No. 4,946,778), or a chimeric antibody, for 

example, an antibody which contains the binding specificity of a murine antibody, but in which the 
remaming portions are of human origin. Antibodies including monoclonal and polyclonal antibodies, 
firagments and chimeras, may be prepared using methods known to those skilled in die art Antibodies diat 
bind a complex, or peptide of the invention can be prepared using intact peptides or firagments containing 

20 an immunizmg antigen of interest The polypeptide or oligopeptide used to immunize an animal may be 
obtained from the translation of RNA or synthesized chemically and can be conjugated to a carrier protein, 
if desired. Suitable carriers diat may be chemically coupled to peptides include bovine serum albumin and 
thyroglobulin,keyhole limpet hemocyanin. The coupled peptide may then be used to unmunize the annnal 
(e.g., a mouse, a rat or a rabbit). 

25 ^'B class ephrin** refers to a fiamily of proteins that bind Eph receptors and possess a 

transmembrane element and a highly conserved cytoplasmic tail comprised of 82-88 C-terminal residues 
(17*22). Examples of B class ephrins include ephrin Bl (also known as LERK-2, Elk-L, EFL-3, Cek-L» 
and STRAl), ephrin B2 (also known as Htk-L, ELF-2, LERK-5» and NLERK-1), and ephrin B3 (also 
known as NLERK-2, Elk*L3. EFL-6, ELF-3, and LERK-8). The fimily also includes proteins whh 

3 0 substantial sequence identity (Le. homdlogs) and portions of the protems (e.g. see SEQ. ID. NO. 1S» 16, 
or 17). The B class ephrins used in the complexes and methods of die invention contain a binding domain 
diat binds a PDZ domain ccmtaining protein. The bindmg dmnain contains the consensus sequence YYKV. 

The term ^'isolated**, as used herein, refers to nucleic or amino acid sequences diat are removed 
finom dieir natural environment, isolated or sqiarated, and are at least 60% firee, preferably 7S% free, and 

3 5 most preferably 90% fiee fiom odier components with which they are naturally associated. 

The term "modulate", as used herein, refers to a change ran alteration m die bi logical activity 
of a lutein. Modulation may be an increase or a decrease in protein activity, a change in binding 
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characterisdcs»oraiiyothf7ciiangetndiebi I gical,fiinctioiiaI,oruiununoI gical properties of a protein. 

Ibe tenn "agonist" as used herein, refers to a molecule which when bound to a complex of the 
invention or a molecule in the complex, increases the amount of, or prolongs Ae duration of, die activity 
of a B class qphrin or PDZ domain containing protein, or increases complex formation. Agonists may 
5 include protems, nucleic acids, carbohydrates, or any other molecules that bmd to a complex or molecule 
of the complex. Agonists also inchide a peptide or peptide fragmrat derived from die PDZ binding domain 
of a B class ephrin but will not include die full lengdi sequence of the wild-type molecule. Peptide 
mimetics, synthetic molecules with physical stroctures designed to munic structural features of particular 
pqitides, may serve as agonists. The stimulation may be direct, or indirect, or by a competitive or ncm- 

10 competitive mechanism. 

The term "antagonist", as used herein, refers to a molecule which, when bound to a complex of 
the invention or a molecule in the complex, decreases die amount of or duration of the activity of a B class 
ephrin or PDZ domain containing protein, or decreases complex formation. Antagonists may include 
proteins, nucleic acids, carbohydrates, or any other molecules that bind to a B class ephrin or PDZ domain 

15 containing protein. Antagonists also include a peptide or peptide fragment derived from the PDZ binding 
domain of a B class ephrin but will not include the full lengdi sequence of die wild-type molecule. Peptide 
mimetics, synthetic molecules with physical structures designed to munic stmctural features of particular 
peptides, may serve as antagonists. The mhibition may be direct, or indirect, or by a competitive or non- 
competitive mechanism. 

2 0 ^'PDZ domain containing protem** refers to protems or peptides, or parts thereof which comprise 

or consist of a characteristic structural motif known as the PDZ dmiain. (See the Structural Classification 
of Protdns (SCOP) database for die characteristicsof die domaiiu) Examples of the proteins include GRIP, 
syntenin, and FAP-1, and homologs or portions thereof. Odier protems containing PDZ domains may be 
selected usmg public databases such as GENPEPT and ENTREZ. The present inventors isolated a novel 

2 5 PDZ domam containmg protem designated ''PHIP" as more particularly described herein. Examples of 
PDZ domam containnigprotems include GRIP, GRIP PDZ6 and PDZ 7 of SEQ.ID.N0.22 and 23, FAP-1 
PDZS ofSEQ. ID. NO. 21, amino acids residues 1 to 299 of syntenin, synteninPDZl andPDZ2of SEQ. 
ID. NO. 26 and 27, PHIP PDZ2 of SEQ. ID. NO. 24 , and PHIP PDZ3 of SEQ. ID. NO. 25. 

A ''binduigdomain*' is diat porticm of the molecule m a complex of tiie invention which interacts 

30 directly or indirectly with another molecule in a complex of the mvention. The bindmg domam 

a sequential portion of the molecule Le. a contiguoussequence of amino acids, <Hr it may be confonnatk>nal 
i.e. a combination of non-contiguous sequences of ammo acids which when the molecule is m its native 
state forms a structure that interacts widi another molecule in a complex fthemvention. 

By being ''derived from" a bmdmg domain is meant any molecular entity which is identical or 

35 substantially equivalent to the native bindii^ domain f a m lecule m a complex f the invention. A 
peptide derived from a specific binding domain m«y mc mpass the amin acid sequence f a naturally 
occurring binding site, any portion of that binding site, or other molecular entity that functions to bind to 
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an associated molecule. A peptide derived firom such a binding domain will interact directly or indirectly 
with an associated molecule in such a way as to mimic the native binding domain. Such pqjtides may 
include competitive inhibiuns, peptide mimetics, and the like. 

The tenn '^interacting" refers to a stable association between two molecules due to, for example, 
5 electrostatiCyhydrophobiCy ionic and/or hydrogen-bondinteractions underphysiological conditions. Certain 
interacting molecules mteract only after one or more of them has been stimulated. For example, a PDZ 
domain containing protein may only bind to a substrate if the substrate is phosphoiylated (eg, 
phosphorylated). 

'^Peptide mimetics** are structures which serve as substitutes for pq>tides m interactions between 
10 molecules (See Morgan et al (1989), Ann. Reports Med. Chem. 24-.243-252 for a review ). Peptide 
mimetics mclude synAetic structureswhich may or may not contain ammo acids and/or peptide bonds but 
retain the structural and functional features of a peptide, or agonist or antagonist of the invention. Peptide 
mimetics also mclude peptoids, oligopeptoids (Simon et al (1972) Proc. Natl. Acad, Sci USA 89:9367); 
and peptide libraries containingpeptidesof a designed lengdi representingall possible sequences of amino 
1 5 acids corresponding to a peptide, or agonist or antagonist of the invention. 

Hie foUowingterms are used to describe the sequence relationshipsbetween two or more nucleic 
acid molecules or protems: **reference sequence", and ''substantial sequence identity". A "reference 
sequence" is a defined sequence used as a basis for a sequence comparison; a reference sequence may be 
a subset of a larger sequence, far example, a segment of a ftall-length cDNA or gene sequence given m a . 

2 0 sequence listing or may comprise a cmnpiete cDNA or gene sequence. Optimal alignment of sequences 

for aligning a comparison window m^ be conducted by the local homology algoridun of Smith and 
Watennan (1981) Adv. AppL Math. 2:482, by die homology alignment algorithm of Needleman and 
Wunsch (1970) J. Mol. Biol. 48:443, by the search for similarity method of Pearson and Lipman (1988) 
Proc. NatL Acad. ScL (USA) 85:2444, or computerized implementations of these algorithms (GAP, 

25 BESTHT, PASTA, and TFASTA in the Wisconsin Genetics Software Package Release 7.0, Genetics 
Computer Group, 575 Science Dr., Madison, Wis; ClustalW program (55); and die Genestream Align 
Pn^gram). As q>plied to polypeptides, the term " substantial sequence identtty" means diat two peptide 
sequences, when optimally aligned, such as by the programs GAP or BESTHT usmg default gsp share at 
least 90 percent sequence identity, preferably at least 95 percent sequence identity,more preferably at least 

30 99 percent sequence identity or more. Preferably, residue positions which are not identical differ by 
conservative amino acid substitutions. For example, the substitution of ammo acids bavmg sinotilar 
chemical properties such as charge or polarity are not likely to effect die properties of a protein. Examples 
mclude glutamine for asparagine or glutamic acid for aspartic acid. 
Complexes f the Invention 

3 5 The complexes of the invention comprise a B class ephrin protein and a PDZ domain containing 

protein. It will be ^preciatedthat the complexes may comprise only die binding domains of the interacting 
molecules and such other flankiiig sequences as are necessary to maintain the activity f the complexes. 
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In an embodiment of die invention, the PDZ domain containing protein in the complex is GRIP, 
GRIP PDZ6 and PDZ 7 of SEQ.1D.N0.22 and 23, FAP-1 PDZ of SEQ. ID. NO. 21, amino acids residues 
1 to 299 of syntenin, synteninPDZl and PDZ2 of SEQ. ED. NO. 26 and 27, PHIP PDZ2 of SEQ. ID. NO. 
24, and PHIP PDZ3 of SEQ. ID. NO. 25. Examples of complexes of the invention include ephrin 
5 B3/GRIF, ephrin B3/GRIP PDZ6 and PDZ 7 of SEQ.ID.NO. 22 and 23; ephrin Bl/FAP-I PDZ of SEQ. 
ID. NO. 2 1 ; ephrin B I or B3/amino acids residues 1 to 299 of syntenin; ephrin B 1 or B3/ syntenin PDZI 
and PDZ2 of SEQ. ID. N0.26 and 27; ephrin Bl or B3/PHIP PDZ2 of SEQ. ID. NO. 24, and ephrin Bl 
or B3/PHIP PDZ3 of SEQ. ID. NO. 25. The complexes may comprise a portion of die B class ephrin, or 
a peptide of the invention. For example, d>e complex may comprise YYKV (SEQ ID. NO. 5), 

10 GPPQSPPNlpYYKV (SEQ ID. NO. 6), NIpYpYKV (SEQ ID. NO. 7). NIpYYKV (SEQ ID. NO. 8), 
NIYpYKV (SEQ ID. NO. 9), NIYYKV (SEQ ID. NO. 10), GNIYYKV (SEQ ID. NO. 28), GNIpYpYKV 
(SEQ ID. NO. 29), GNIpYYKV (SEQ ID. NO. 30 ), and GNIYpYKV (SEQ ID. NO. 3 1). Examples of 
such complexes include FAP-1 PDZ/NIYYKV, syntenin/NI YYKV, syntenin PDZI and PDZ2/NIYYKV, 
PHIP PDZ3/GNIYYKV, and PHIP PDZ2/GNIYYKV. 

15 As illustrated herem die B class ephrin or portion thereof, or peptide of die invention, in a 

complex of die invention may be phosphorylated. Therefore, a complex of die invention comprising a PDZ 
domain containing protein as one component may comprise a phosphorylated B class ephrin or a portion 
thereof, or a phosphoiy lated pqdde of die bvention as anodier component For example, the complex may 
comprise FAP-1 iPDZ/NIpYYKV, FAP-I PDZ/NIpYpYKV, syntcnin/NIYYKV, syntenin/NIpYYKV, 

20 synteninPDZl and PDZ2/NIYYKV,9ntenin PDZI and PDZ2/ NIpYYKV, PHIP PDZ3/GNIpYpYKV, 
and PHIP PDZ3/GN^YYKV. 

The invention also contemplates antibodies specific for complexes of die invention. Hie 
antibodiesmay be intact monoclonal or polyclonal antibodies, and immunologically active fragments (e.g. 
a Fab or (Fab)2 fragment), an antibocfy heavy chain, and antibody light chain, a genetically engineered 

2 5 single chain Fy molecule (Ladno* et al, U.S. Pat No. 4,946,778), or a chimeric antibody, for example, an 

antibody which contains the binding specificity of a murine antibody, but in vdiidi the remaining portions 
are of human origin. Antibodiesinchidingmonoclonaland polyclonalantibodies,fragmentsand chimeras, 
may be prepared using methods known to diose skilled in the art 

Antibodies specific for die complexes of the invention may be used to detect die complexes m 

30 tissues and to determine dieir tissue distribution. /nWirioand jh^todetectionmediodsusfaigdieantibodies 
of die inventionmay be used to assist in the prognostic and/or diagnostic evaluation of prolifierativeand/or 
differuitiative disorders associated with a B class ephrin e.g. disorders of the nervous system. Some 
genetic diseases may include mutations at die binding d main regions of die mteracting molecules in the 
complexes of die invention. Therefore, if a complex of the invention is unplicated in a genetic discxder, 

35 it may be possible to use PGR t amplify DN A from die binding d mains to quickly dieck if a mutation 
is c ntained within one of the domains. Primers can be made corresponding to the flanking regions of die 
domains and standard sequencing methods can be employed to detennine whether a mutation is present 
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This metfiod does not require pri r chromosome mapping of the affected gene and can save time by 
obviating sequencing the entire gene encoding a defective proteuL 
PHDP Protein 

Broadly stated tiie present invention contemplates an isolated protein comprising die amino acid 
5 sequence shown in Figure2b and in SEQ. ID. NO.l . The invention contemplalesa truncation (i.e. portion) 
of a protein of the invention, an analog, an allelic or species variation dimof, or a protein having 
substantial sequence identity with a protein of the mvention (i.e. homolog), or a truncation thereof 
(Truncations, analogs, allelic or species variations, and homologs are collectively referred to herem as 
"PHIP Related Proteins'O. 

1 0 Truncated proteins may comprise peptides of between 3 and 70 amino acid residues, ranging in 

size from a tripeptide to a 70 mer polypeptide, preferably 12 to 20 amino acids. In one aspect of the 
invention, fragments of PHIP protein are provided having an amino acid sequence of at least five 
consecutive amino acids in Figure 2D and in SEQ. ID. NO. 1, where no amino acid sequence of five or 
more, six or more, seven or more, or eight or more, consecutive amino acids present in the fragment is 

1 5 present in a protein other than a PHIP Protein. In an embodiment of die invention the fragment is a stretch 
of amino acid residues of at least 1 2 to 20 contiguous amino acids from a particular sequence such as a 
sequence underlined in Figure 2D. The fragments may be immunogenic and preferably are not 
immunoreactive with antibodies that are immunoreactive to proteins other than a PHIP protein. 

In an aspect of the mvention, isolated nucleic acids (e.g. SEQ. ID. NO. 33, fragments thereof,. 

2 0 complementary and homoIogcMis sequences) are provided comprismg sequences encoding PHIP protein 
or PHIP Related Proteins. 

The nucleic acids of the invention may be inserted mto an appropriate vector, and the vector may 
contam the necessary elements for the transcription and translation of an inserted coding sequence. 
Accordingly, vectors may be constructed which comprise a nucleic acid of the invention, and where 

2 5 approiniate one or more transcription and translation elements linked to the nucleic acid molecule. 

A vector of die hivention can be used to prepare transformedhost celb expressmg a PHIP protein 
or a PHIP Related Protem. Iberefore, the mvention fbrther provides host cells containing a vector of the 
inventioiL 

The invention also contmplates transgenic non-human manunals whose germ cells and somatic 

3 0 cells contain a recombinantmolecule comprismg a nucleic acid molecule of the invention m particular one 

diat encodes an analog of a PHIP protein, or a truncation of a PHIP protein. 

A PHIP protein or PHIP Related Protein may be obtained as an isolate from natural cell sources, 
but they are preferably produced by recombinant procedures. In one aspect the invention provides a 
method for preparing a PHIP protein or a PHIP Related Protein utilizing an isolated nucleic acid molecule 
35 of the invention. In an embodnnent a method for preparing a PHIP protein or a PHIP Related Protein is 
provided comprising: 

(a) transferring a vector of the invention having a nucleotide sequence encodmg a PHIP protein 
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or PHIP Related Protein* into a host cell; 

(b) selecting transfonned host cells fiom untransfonned host cells; 

(c) culturing a selected transfonned host cell under conditions which allow expression of die 
PHIP protein or PHIP Related Protein and 

5 (d) isolating the PHIP protein or PHIP Related Protein. 

The invention further broadly contemplates a recombinant PHIP protem or PHIP Related Protein 
obtained using a method of the mvention. 

A PHIP protein or PHIP Related Protein of the invention may be conjugated with other molecules, 
such as proteins, to prepare fusion proteins or diimeric proteins. This may be accomplished, for example, 
10 by the synthesis of N-terminal or C-terminal fusion proteins. 

The invention fiiitha* contemplates antibodies having specificity against an epitope of a PHIP 
protein or PHIP Related Protein of the invention. Antibodies may be labeled with a detectable substance 
and used to detect proteins of die invention in tissues and cells. 

The invention also permits the construction of nucleotide probes which are unique to the nucleic 
15 acid molecules of the mvention and accordingly to proteins of the invention. Therefore, the mvention also 
relates to a probe comprisinga nucleic acid sequence encodinga protdn of the invendon,or a part thereof. 
The probe may be bbeled, for example, with a detectable substance and it may be used to select finom a 
mixture of nucleotide sequences a nucleic acid molecule of the mvention includmg nucleic acid molecules 
coding for a protem which displays one or more of the properties of a protein of the invention. 

2 0 The invention sdll furdier provides a method for identi^g a substance which binds to a protein 

of die invention conqirisingreacting die protein wifli at least one substance which potentially can bind widi 
the protein, under ccmditions which permit die bmding of the substance and protein; and detecting bincfing, 
vdierein the detection of bmding indicates diat the substance binds to die protein. Bmding can be detected 
by assaying for protein-substance complexes, or for activation of the protein. The invention also 
25 contonplatesmediods for identifying substances diat bind to oOier intracellularproteinsdutt interact widi 
a PHIP protein or a PHIP Related Protein. Mediods can also be utilized which identify compounds which 
bind to gene regulatory sequences (e.g. promoter sequences). 

Still further die invention provides a mediod for evahiatmg a compound for its ability to modulate 
die biological activity of a PHIP protein or a PHIP Related Protein of the mvention. For example, die 

3 0 compound may be a substance that binds to the proteins or a substance diat uihibits or enhances die 

interaction of the protein and a substance that binds to the protein (e.g. a B class ephrin). In an 
embodiment, die mediod ccHnprises providing a PHIP protein or a PHDP Related Protein, a substance which 
binds to die protein, and a test compound under conditions which permit binding of die substance and 
protein, and detecting binding, wherein the detection of increased or decreased binding relative t binding 
3 5 detected in the absence of the test compoimd indicates that the test c mpound modulates die activity of 
a PHIP protein or a PHIP Related Protein. Binding may be detected by assaying for substance*protein 
complexes, free substance, and/ r free prQteui, or activati n f die protein. 
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Activad n fPHIPw a PHIP Related Protein may be assayed by measui^ sphorylationof 
the protein, or binding of the protein to cellular proteins, or by assaying for a biological affect on the cell, 
such as inhibition or stimulation of proliferation, differentiation, or migration. 

Compoimds which modulate the biological activity of a protein of die mvention may also be 
5 identified using the methods of the invention by comparing the pattern and level of dqiression of a PHIP 
protem or a PHIP Related Proteui of the mvention m tissues and cells, in the presence, and in the absence 
of the compounds. 

The substances and compounds identified using die methods of the invention may be used to 
modulate the biological activity of a PHIP protein or a PHIP Related Protein of the invention, and diey 
10 may be used in the treatment of conditions requiring modulation of the proteins or other molecules diat 
bind to a PHIP protein or a PHIP Related Protein (e.g. a B class q>hrin). 
Peptides 

The invention provides peptide molecules that bind to and inhibit the mteractions of die 
molecules in the complexes of the invention. The molecules are derived from the binding domain of a B 

1 5 class ephrin that binds to a PDZ domain containing protein. For example, peptides of the mvention inchide 
die amino acids YYKV of ephrin Bl, B2 or B3 that bind to a PDZ domain containmg protein. Other 
proteins containing these bmding domain sequences may be identified widi a protein homology search, 
for example by searching available databases such as GenBank or SwissProtand various search algcnithms 
and/or prognmis may be used hichiding FASTA, BLAST (available as a part of die GCG sequence analysis 

20 package, University of Wisconsin, Madison, Wis.), or ENTREZ (National Center for Biotechnology 
Information, National Library of Medicme, National Institutes of Healdi, Bethesda, MD). 

In accordance widi an embodunent of die invention, specific peptides are c<mtemplated diat 
mediate die binding of a B class ephrin and a PDZ domain contaming protein. In particular, a peptide of 
the formula 1 is provided which interferes with the interaction of a B class qphrin and a PDZ domam 

2 5 containing protein: 

X-X'.X*-K-V 1 

wherein X represents 0 to 70, preferably 0 to SO amino acids, more preferably 2 to 20 amnio acids, and 
X' and X' each represent tyrosine or phosphotyrosine. In specific embodhnents, X' is tyrosine and X' is 

3 0 phosphotyrosine, X' is phosphotyrosme and X' is tyrosine, or X* and X' are phos|riiotyrosine. 

In an embodhnent of the present mvention a peptide of die formula I is provided where X 
represents NI, GNI, CPHYEKVSGDYGHPVYIV<3(EJ)XM.G)PPQSP(AJ^)A (SEQJD. NO. 2\ 
GDYGHPVYIV(XEJDXM.G)PPQSP(A,P)A (SEQJD. NO. 3X PPQSP(AJ»)A (SEQ.ID. NO. 4\ 
GPPQSPPNI (SEQJD. NO. 32). 
35 Preferred peptides of die invention include die following: YYKV (SEQ ID. NO. 5), 

GPPQSPPNIpYYKV (SEQ ID. NO. dX NIpYpYKV (SEQ ID. NO. 7). NlpYYKV (SEQ ID. NO. 8), 
NIYpYKV (SEQ ID. NO. % NI YYKV (SEQ ID. NO. 1 0), GNI YYKV (SEQ ID. NO. 28), ONlpYpYKV 
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(SEQ ID. NO. 29), GNIpYYKV (SEQ ID. NO. 30 ), and GNIYpYKV (SEQ ID. NO. 3 1). 

All of die peptides of Ae invention, as well as m lecules substantially homologous, 
complementary or otherwise functionally or structurally equivalent to these peptides may be used for 
purposes of tbe present invention. In addition to full-length peptides of die invention, truncations of the 
5 peptides are contemplated in the present invention. Truncated pqitides may comprise peptides of about 
7 to 10 amino acid residues 

The truncated peptides may have an amino group (•NH2), a hydrophobic group (for example, 
carbobenzoxyl, dansyl, or T-butyloxycarfoony l),an acetyl group, a 9-fluorenylmethoxy-carbonyl(PMOQ 
group, or a macromolecule including but not limited to lipid-fatty acid conjugates, polyethylene glycol, 
10 or carbohydratesat the amino terminal end. The truncated peptides may have a carboxyl group, an amido 
group, a T-butyloxycarbonyl group, or a macromolecule including but not limited to lipid-fatty acid 
conjugates, polyeAylene glycol, or carbohydrates at die carboxy terminal end 

The peptides of the invention may also include analogs of a peptide of the invention and/or 
truncations of die peptide, which may include, but are not limited to die peptide of the invention containing 
1 5 one or more amino acid hsertions, additions, or deletions, or both. Analogs of the peptide of the mvention 
exhibit die activity characteristic of the peptide e.g. interference with die mteraction of a B class ephrin 
and a PDZ domain contaming protein, and mey fiirdier possess additional advantageous features such as 
increasedbioavailabili^,stability,or reduced host immune recognition^ insertions 
m^ be introduced into a peptide of the invention. Ammo acid insertions may consist of a single amino 
20 acid residue or sequential amino acids. 

One or more amino acids, preferably one to five ammo acids, may be added to die right or left 
termini of a peptide of die mventioiL Deletions may consist of die removal of one or more ammo acids, 
discrete portions firom the peptide sequence. The deleted amino acids mi^ or may not be contiguous. 
The Iowa* limit lengdi of the resulting analog with a deletion mutation is about 7 amino acids. 
25 It is anticipated that if amino acids are inserted or deleted m sequences outside an NIX'X'KV 

sequence that die resulting analog of die peptide will exhibit die activity of a peptide of the mvention. 

Hie mvention also mchides a peptide conjugated with a selected protein, or a selectable marker 
(see below) to produce fusion proteins. 

The peptides of the invention may be prepared using recombnuuit DNA methods. Accordmgly, 
3 0 nucleic acid molecules which encode a peptide of die mvention may be incorporated in a known manner 
mto an appropriate expression vector which ensures good expression of the peptide. Possible expression 
vectors mclude but are not limited to cosmlds, plasmids, or modified vhuses so long as the vector is 
compatible with the host cell used. The expression vectors contain a nucleic acid molecule encoding a 
peptide of the invention and die necessary regulatory sequences for die transcriptionand translation f the 
35 inserted protein-sequence. Suitable regulatory sequences may be obtained firom a variety of sources, 
including bacterial, fungal, viral, mammalian, or insect genes. (For example, see the regulatory sequences 
described in Goeddel, Gene Expression Technology: Meth ds in Enzymology 18S, Academic Press, San 
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Diego, CA ( 1 990). Selecdon of appropriate regulatoiy sequences is dependent on die host cell chosen, and 
may be readily accomplished by one of ordinary skill in the art Other sequences, such as an origin of 
replication, additional DNA restriction sites, enhancers, and sequences conferring inducibility of 
transcription may also be inccHporated into die expression vector. 
5 The recombinant expression vectors may also contain a selectable maricer gene which facilitates 

die selection of transfonned or transfected host cells. Suitable selectable maricer genes are genes encoding 
proteins such as G418 and hygromycin which confer resistance to certain drugs, ^galactosidase, 
chloramphenicol acetyltransferase, firefly luciferase, or an inmiunoglobulin or portion thereof such as the 
Fc portion of an immunoglobulin preferably IgG. The selectable maricers may be introduced on a sqparate 

1 0 vector from the nucleic acid of interest 

The recombmant expression vectors may also contain genes that encode a fusion portion which 
provides increased expression of the recombinantpeptide; increased solubility of the recombinantpeptide; 
and/or aid in the purification of the recombinant peptide by acting as a ligand m affinity purification. For 
example, a proteolytic cleavage site may be inserted in the recmibinant peptide to allow separation of the 

1 5 recombinant peptide from the fusion portion after purification of the fusion protein. Examples of fiisioa 
expression vectors include pGEX (Amrad Corp., Melbourne, Australia), pMAL (New England Biolabs, 
Beverly, MA) and pRTTS (Pharmacia, Piscataway, NJ) which fuse ghitadiione S-transferase (GST), 
maltose E binding protein, or protein A, respectively, to the recombinant protem. 

Recombinant expression vectors may be introduced into host cells to produce a transformanthosC 

2 0 celL Transfonnant host cells include pnricaryotic and eukaryotic cells which have been transformed or 
transfected whh a reconbinant expression vector of the invention. The terms '^transformed with", 
"transfected widi", "transformation" and "transfection" are intended to include die introduction of nucleic 
acid (e.g. a vector) into a cell by one of many techniques icnown in the art For example, prokaryotic cells 
can be transformed with nucleic acid by electroporation or calcium-chloride mediated transformation. 

25 Nucleic acid can be mtroduced into mammalian cells using conventional techiuques such as calcium 
phosphate or calcium chloride coi)recipitation, DEAE-dextran-mediated transfection, lipofectin, 
electroporation or microinjection. Suitable methods for transforming and transfecting host cells may be 
found in Sambrobk et aL (Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbor 
Laboratory press (1989)), and odier laboratory textbooks. 

30 Suitable host cells inchide a wide variety ofprokaryotic and eukaryotic host cells. For example, 

die peptides of the invention may be expressed in bacterial cells such as £L colt, insect cells (using 
baculovirus), yeast cells or mammalian cells. Odier suitable host cells can be found in Goeddel, Gene 
Expression Techn logy: Mediods m Enzym 1 gy 185, Academic Press, San Dieg , CA (1991). 

The peptides of the invention may be tyrosine phosphorylated usmg die method described in 

35 Reedijk et al. (The EMBO Journal 1 1(4):1365, 1992). For example, tyrosme ph ^h rylati n may be 
induced by infecting bacteria harbouring a plasmid containing a nucleotide sequence encoding a peptide 
of the invention, with a Xgtl 1 bacteri phage encoding die cytoplasmic domain f the Elk tyrosine kinase 
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as a LacZ-Elk fusion. Bacteria containing the plasmid and bacteriophage as a lysogen are isolated. 
F llowing induction f the lysogen, the expressed peptide becomes phosphoiylated by the EDc tyrosine 
kinase. 

The peptides of the invention may be syndiesized by conventional techniques. For example, the 
5 peptides may be syndiesized by chonical synthesis using solid phase peptide synthesis. These methods 
employ either solid or solution phase synthesis mediods (see for example, J. M. Stewart, and JJ>. Young, 
Solid VhzsG Peptide Synthesis, 2^ Ed., Pierce Chemical Co., Rockford m. (1 984) and G. Barany and ILB. 
Merrifield, The Peptides: Analysis Synthesis, Biology editors E. Gross and J. Meienhofer Vol. 2 Academic 
Press, New York, 1980, pp. 3-254 for solid phase synthesis techniques; and M Bodansky, Principles fo 
10 Peptide Syndiesis, Springer-Verlag, Berlin 1984, and E. Gross and J. Meioihofer, Eds., The Peptides: 
Analysis, Synthesis, Biologu, suprs. Vol 1, for classical solution synthesis). By way of example, the 
peptides may be synthesizedusing 9-fluorenylmethoxycarb<niyl(Fmoc) solid phase chemistry with direct 
incorporation of pho^hotyrosmeas die N-fluorenylmethoxy-carbonyl-O-dimethyllphosphono-L-tyrosine 
derivative. 

15 N-tecminal or C-terminal fusion proteins comprising a peptide of die invention conjugated with 

othermoleculesmay be prqparedby fusing, tiuough recombinant teduuques, the N-tennmal or C<4eniu^ 
of the peptide, and the sequence of a selected protein or selectable maiker with a desired bk)logical 
function. The resultant fusion proteins contain die peptide fiised to the selected protein or marker protein 
as described herein. Examples of protems which may be used to prepare fusion protenis include 

2 0 immunoglobulins, glutatfaione-S-transferase (GST), hemagglutinm (HA), and truncated myc. 

Cyclic derivatives of die peptides of die invention are also part of die present invention. 
Cyclization may allow die peptide to assume a more favorable conformation for association with molecules 
in complexes of the invention. Cyclization may be achieved using techniques known in die art For 
example, disulfide bmds nmy be foimed between two appropriately spaced components having free 
25 sulfliydryl groups, or an amide bond may be fonned between an ammo group of one compment and a 
carbojgrl group of anodier compment Cyclization may also be adiievedusmg an azobenzene-containing 
ammo acid as described by Ufysse,L.,etaL, J. Am. ChentSoc. 199S. 117,8466-8467. Thesidechams 
of Tyr and Asn may be linked to fonn cyclic peptides. The components that form die bonds may be side 
chains of amino acids, non-amino acid components or a combination of die two. In an embodiment of the 

3 0 invention, cyclic peptides are contemplated that have a beta-turn in die right position. Beta-turns may be 

introduced into the peptides of die invention by addmg die amino acids Pro-Gly at die ri^t position. 

It may be desirable to produce a cyclic peptide diat is more flexible dian the cyclic peptides 
containing peptide bond linkages as described above. A m re flexible peptide may be prepared by 
mtroducing cystemes at die right and left position of die peptide and forming a disulphide bridge between 
35 the two cysteines. The two cysteines are atianged so as not t deform die beta-sheet and turn. The peptide 
is more flexible as a result of the lengdi of die disulfide linkage and the smaller number of hydrogen bonds 
in the beta^sheet portion. The relative flncibility f a cyclic peptide can be determined by m lecular 
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dynamics simulations. Pqptide mimetics may be designed based on infonnadon obtained by systematic 
replacement of L-amino acids by D-amino acids, replacement of side chains with groups having different 
electronic properties, and by systematic replacement of peptide bonds with amide bond replacements. 
Local conformational constraints can also be introduced to determine conformational requirements for 
5 activity of a candidate peptide mimetic. The mimeticsmay include isosteric amide bonds, or D-amino adds 
to stabili23e or promote reverse turn conformations and to help stabilize the molecule. Cyclic amino acid 
analogues may be used to constrain amino acid residues to particular conformational states. The mimetics 
can also include monies of inhibitor peptide secondary structures. These structures can model the 3- 
dimensional orientation of amino acid residues into the known secondary conformations of proteins. 

10 Peptoids may also be used which are oligomers of N-substituted amino acids and can be used as motifs 
for the generation of chemically diverse libraries of novel molecules. 

Peptides that mteract with the molecules in a complex of the invention may be developed using 
a biological expression system. The use of these systems allows the production of large litouies of random 
peptide sequences and the screening of tiiese libraries for peptide sequences tiiat bind to particular proteins. 

15 Libraries may be produced by cloning synthetic DNA that encodes random pq>tide sequences into 
appropriate expression vectors, (see Christian etal 1992, J. Mol. Biol. 227:711; Devlin etal, 1990 Science 
249:404; Cwnrla et al 1990, Proa Nad. Acad, Sci. USA, 87:6378). Libraries may also be constructed 1^ 
concurrent synthesis of overlapping pq)tides (see U.S. Pat No. 4,708,871). 

Pq>tides of Ae invention may be used to identify lead compounds for drug development Hie 

2 0 stnictureof the peptidesdescribed herein can be readily determined by a number of meftods such as NMR 

and X-ray crystallography. A comparison of the structures of peptides sunilar in sequence, but differing 
In the biological activities ihey elicit in target molecules can provide information about the structure- 
activity relationshq> of die target Information obtained from the examination of structure-activity 
relationships can be used to design either modified peptides, or other small molecules or lead compounds 
' 25 which can be tested for predicted imperties as related to the target molecule. The activity of the lead 
compounds can be evaluated using assays similar to those described hernn. 

Infoimation about structure-activity relationships may also be obtained from co-crystallization 
studies. In these studies, a peptide widi a desired activity is crystallized in association with a taiget 
molecule, and die Xnray structure of die complex is determined. Hie structure can dien be compared to the 

3 0 structure of the target molecule in its native state, and mfi>nnation from such a comparison may be used 

to design compounds eqiected to possess desired activities. 

The peptides of the uwention may be converted into pharmaceutical salts by reacting witii 
m rganic acids such as hydrochloric acid, sulfuric acid, hydrobromic acid, phosphoric acid, etc., or oiganic 
acids such as fonnic acid, acetic acid, propionic acid, glycoiic acid, lactic acid, pyruvic acid, oxalic acid, 
3 5 succinic acid, malic acid, tartaric acid, citric acid, benzoic acid, salicylic acid, benezenesulfonic acid, and 
toluenesulf nic acids. 

The peptides ftheinventi n may be used to prepare antibodies. Conventional methods can be 
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used to prepare the antibodies. 

The peptides and antibodies specific for die peptides of the inventi n may be labelled using 
conventional methods with various enzymes, fluorescentmaterials, luminescentmaterials and radioactive 
materials. Suitable enzymes, fluorescent materials, luminescentmaterials, and radioactive material are well 
5 known to the skilled artisan. Antibodies and labeled antibodies specific for die peptides of the invention 
may be used to screen for proteins containing PDZ domam binding sites. 

Computer modelling techniques known in die art may also be used to observe the mteraction of 
a peptide of die invention, and truncations and analogs thereof with a molecule in a complex of die 
invention e.g. PDZ domain containing protein (for example. Homology Insight II and Discovery available 

1 0 from BioSym/Molecular Simulations, San Diego, California, U.S.A.). If computer modelling indicates a 
strong interaction, the peptide can be ^thesized and tested for its ability to interfere widi the binding of 
the molecules of a complex discussed herein. 
Methods for Identifying or Evaluating Sabstances/Compounds 

The methods described herein are designed to identify substances and compounds that modulate 

15 die activity of a complex of the invention dius potentially affecting cellular processes associated with B 
class ephrins and/or PDZ domain containing proteins. Novel substances are therefore contemplated that 
bind to molecules in the complexes, or bind to odier proteins diat interact whh the molecules, to 
compounds that interfere with, or enhance die interacticm of die molecules in a complex, or other proteins 
that mteract whh the molecules. 

20 The substances and compounds identified using the mediods of the uivention includebutarenot 

lunited to peptides such as soluble peptides mcludmg Ig-taOed fusion peptides, members of randont 
peptide libraries and combinatorial diemistry-derived molecular libraries made of D* and/or L- 
configuration amino acids, pbosphopqitides (mcludmg members of random or partially degenmte, 
directed phosphopeptide libraries), antibodies [e.g. polyclonal, monoclonal, humanized, anti-idiotypic, 

2 5 chuneric, smgle chain antibodies, fiagments, (e.g. Fab, F(ab)2, and Fab repression library fragments, and 

ephope-bmding fragments diereof)], and small organic or inorganic molecules. The substance or 
compound may be an endogenous physiological compound or it may be a natural or synflietic compound. 

Substances which modulate the activity of a complex of the invention can be identified based m 
flieir abili^ to bmd to a molecule m die complex. Therefore, the inventim also provides methods for 

30 identifying novel substances which bind molecules in die comply. Substances identified using the 
mediods of die invention may be isolated, cloned and sequenced using conventional techniques. 

Novel substances which can bmd whh a molecule in a complex of the mvention may be identified 
by reacting one of the m lecules with a test substance whidi potentially binds to the molecule, under 
conditions which permh binding of the molecule and test substance, and detectmg binding. Binding may 

35 be detected by assaying for substance-m lecule conjugates, for free substance, or for n n-complexed 
molecules, or activation f the molecule. Conditions which permit die formati n f substance-m lecule 
conjugates may be selected having regard to faaors sudi as die nature and amounts of die substance and 
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the molecule. 

The substance-m lecule conjugate, free substance or n n-complexed molecules may be isolated 
by conventional isolation techniques, for example, salting out, chromatognq>by, electrophoresis, gel 
filtration, fractionation, absorption, polyacrylamide gel electrophoresis, agghitination, or combinations 
5 thmof. To fecilitate the assay of the components, antibody again^ the molecule or the substance, or 
labeled molecule, or a labeled substance may be utUizedL The antibodies, proteins, or substances may be 
labeled with a detectable substance as described above. 

Activation may be assayed by measuring phosphorylation of a molecule, bmding of receptors or 
cellular proteins to a molecule, or in a cellular assay, by assaying for a biological affect on the cell, such 

10 as inhibition or stimulation of proliferation, differentiation or migration. 

A molecule, or complex of die invention, or the substance used in the mediod of the mvention 
may be msolubilized. For example, a molecule, or substance may be bound to a suitable earner such as 
agarose, cellulose, dextran, Sephadex, Sepharose, carboxymethyl cellulose polystyrene, filter piq^er, 
ion-exchange resin, plastic film, plastic tube^ glass beads, polyamineHnetfayl vinyl-edier-maleic acid 

15 copolymer, amino acid copolymer, eAylene-maleic acid copolymer, nylon, silk, etc. The carrier may be 
in the shape of, for example, a tube, test plate, beads, disc, sphere etc. The insohibilized protein or 
substance may be prepared by reacting the material with a suitable insohible carriernsing known chemical 
or physical methods, for example, cyanogen bromide coupling. 

The inventicm also contemplates a method for evaluating a compound for its ability to modulate 

20 the biological activity of a complex of die invention, by assaying for an agonist or antagonist of die 
binding of die molecules in the complex. The basic method for evaluating if a compound is an agonist or 
antagonist of the binding of molecules in a complex of the invention, is to prepare a reaction robcture 
containing die molecules and the test compound under conditions which permit the molecules to bmd and 
form a complex. The test compound may be initially added to the mixture, or may be added subsequent 

25 to the addition of molecules. Control reaction mixtures without the test compound or widi a placebo are 
also prepared. The formation of complexes is detected and die formation of complexes in die control 
reaction but not in die reaction mixture indicates that the test compound interferes with the interaction of 
die molecules. Increased complex formation relative to a control reaction indicates diat the test compound 
enhances the interaction of the molecules. The reactions may be carried out in the liquid phase or the 

3 0 molecules, or test compound may be immobilized as described herein. 

It will be understood that die agonists and antagonists that can be assayed using the methods of 
die invention may act on one or more of the binding sites on the interacting molecules in the complex 
including agonist binding sites, competitive antagonist binding sites, non-competitive antag nist binding 
sites or allosteric sites. 

3 5 The invention also makes it possible to scre«i for antagonists that inhibit the effects of an agonist 

f the mteraction of molecules in a complex of the invention. Thus, the inventi n may be used to assay 
for a compound that competes for the same binding site f a molecule in a complex of the invention. 
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The invention also contemplates methods for identifying novel compounds that bind to proteins 
that interact with a molecule f a complex of the invention. Protein-protein interactions may be identified 
using conventional metiiods such as co-immunoprecipitation, crosslinking and co-purification through 
gradients or chromatographic cohunns. Metiiods may also be employed tiiat result in the simultaneous 
5 identification of genes which encode proteins mteracting with a molecule. These methods include probmg 
expression libraries with labeled molecules. Additionally, x-ray crystallographic studies m^ be used as 
a means of evaluating interactions with substances and molecules. For example, purified recombinant 
molecules in a complex of the invention when crystallized in a suitable form are amenable to detection of 
intra-molecularinteractionsby x-ray ciystallogra^hy.Spcctroscopy may also be used to detect interacticms 

10 and m particular, a quadnipole/time-of-flight hybrid mstrument (QqTOF) may be used. 

Two-hybrid systems may also be used to detect protein interactions in vivo. Generally, plasmids 
are constructed Aat encode two hybrid proteins. A first hybrid protein consists of the DNA-binding 
dommn of a transcription activator protein fbsed to a molecule in a complex of Ae invention, and the 
second hybrid protem consists of the transcription activator protein'sactivator domain fused to an unkown 

15 protein encoded by a cDNA' which has been recombined into the plasmid as part of a cDNA library. The 
plasmids are transformed into a strain of yeast (e.g. SL cerevisiae) tfiat contains a reporter gene (e.g. lacZ, 
luciferase, alkalmephos|)hatase,horseradishpen»ddase)^ose regulatory region contains die transcription 
activator's binding site. The hybrid proteins alone cannot activate the transcription of the reporter gene. 
However, interaction of the two hybrid proteins reconstitutes tiie functional activator protem and results 

20 in expression of the reporter gene, which is detected by an assay for the reporter gene product 

It will be appreciated that fusion proteins and recombinant fusion proteins may be used, in Ae 
above-described methods. It will also be appreciated that the complexes of the invention may be 
reconstituted in vUro using recombinant molecules and the effect of a test substance may be evaluated in 
the reconstituted system. 

25 The reagents suitable fx applying the methods of the invention to evahiate substances and 

compounds may be packaged into convenient kits providing the necessary materials packaged into suitable 
containers. The kits may also include suitable supports useful in performing the methods of the mvention. 
Compositions and Treatments 

The complexes, peptides, and antibodies of the invention, and substances and compounds 

30 identified using the methods of die invention may be used to modulate cellular processes such as 
proliferation, growth, and/or differentiation of cells associated with B class ephrins and/or PDZ domain 
containing protems (in particular axonogenesis, nerve cell interactions and regeneration of the nervous 
system). Tharefore they may be used to treat conditions in a subject m which the compounds or substances 
are introduced. Thus, the substances may be used f r the treatment of disorders associated with a B class 

3 5 ephrin such as disorders of the nervous system mcluding neurodegenerative diseases and cases f nerve 
injury. 

Accordingly, the complexes,peptides,substances,antibodies,and cmpoundsmay be formulated 
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mtophaimaceuticalccmiposidonsforadministrationtosubje^ biol gically compatible f rm suitable 
for administration ifivrvo. By*1>i logically compatible form suitable for administration invrvo** is meant 
a form of the substance to be administered in which any toxic effects are outweighed by the therapeutic 
effects. The substances may be administered to living organisms including humans, and animals. 
5 Administration of a ^erq>eutically active amount" of die pharmaceutical compositions of the present 
invention is defined as an amount effective, at dosages and for periods of time necessary to achieve the 
desired result Tor example, a therapeutically active amount of a substance may vary according to factors 
such as the disease state, age, sex, and weight of the mdividual, and the ability of antibody to elicit a 
desired response in the individual. Dosage regima may be adjusted to provide the optimum therapeutic 

10 response. For example, several divided doses may be administered daily or the dose may be proportionally 
reduced as indicated by the exigencies of die therapeutic situation. 

Hie active substance may be administered m a convenient manner such as by mjectitti 
(subcutaneous, mtravenous, etc.), oral administration, inhalation, transdermal applicatim, or rectal 
administration. Dependingon the route ofadministration,the active substancern^ be coated in a material 

15 to protect tiie compound from the action of en^mes, adds and odier natural conditions that may inactivate 
the compound. 

Hie compositionsdescribed herein can be prepared by perse known methods for tiie preparaticn 
of pharmaceutically acceptable compositions which can be administered to subjects, such fliat an effective 
quantiQf of the active substance is combmed in a mixture with a pharmaceutically acceptable vehicle. 

20 Suitable vehicles are described, f(»r example, in Remmgton's Pharmaceutical Sciences (Remington's 
Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa., USA 1985). On this basis, die 
compositi<ms mclude, albeit not exclusively, solutions of the substances or compounds in association with 
one or more pharmaceutically acceptable vehicles or diluents, and contained in buffered solutions with a 
suitable pH and iso-oanotic with the physiological fluids. 

25 The activity of the complexes, substances, compounds, antibodies, and compositions of tiie 

invention may be confirmed in anunal experimental model systems. 

The invention also provides methods for studying die function of a complex of the invention. 
Cells, tissues, and non-human anunals lacking in the complexes or partially lackmg in molecules in the 
complexes m^ be developed using recombinant expression vectors of the invention having specific 

30 deletion or insertion mutations m the molecules. A recombinant expression vector may be used to 
inactivate or aher the endogenous gene by homologous recombination, and thereby create complex 
deficient cells, tissues or aninuds. Null alleles may be generated in cells and may dien be used to generate 
transgenic non-human animals. 

The following non-limiting example is illustrative of the present invention: 
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Example 

EXPERIMENTAL PROCEDURES 
Peptide synthesis 

The B ephrin C-tenninal peptide probe of sequence biotin-Aca-GPPQSPPNIpYYKV (SEQ. ID. 
5 N0.6), related peptides NIpYpYKV (SEQ. ID. NO. 7), NIpYYKV (SEQ. ID. NO. 8), NIYpYKV (SEQ. 
ID. NO. 9X NIYYKV (SEQ. ID. NO. 10), and DHQpYpYND (SEQ. ID. NO. 1 1), were synthesized as 
described previously (29). 
Isolation of PDZ domain-encoding cDNA clones 

A XEXlox 10.5 day mouse embryo expression library (Novagen) was plated at an initial density 
10 of 10,000 plaque-forming units/15 cm petri plate. Library screening was performed using a biotinylated 
peptide probe conjugated to streptavidin-alkaline phosphatase following a procedure shnilar to that 
described by Sparics et al. (30). To isolate more coding sequence for PHIP, an EcoRIIPst I fragment of 
PHIP cDNA (encoding amino acid residues 462-602) was radiolabelled with [a-^]dCTP and used to 
screen the XEXlox 10.5 day mouse embryo library. The DNA sequencing of positive clones was carried 
15 out usmg the ALF automated DNA sequencer (Amersham Pharmacia Biotech). 
Antibodies, constructs and mutagenesb 

Anti-ligand antibodies (Santa Cruz) were raised against residues 329-346 of hEphrin B 1 . And- 
FLAG M2 monoclonal antibodies were purchased from Eastman Kodak Company. The expression 
constructofephrinBlcDNAmvectorpJFE14hasbeendescribed(18). Full-length syntenincDNA was 

2 0 subcloned m frame into the mammalian expression vector pFLAG CMV2 (Eastman Kodak) using standard 

cloning procedures. For GST frision constructs. cDNA sequences of syntenhi (full length: residues 1-299; 
PDZ 1+2: residues 101-299; PDZl: residues 101-211; PDZ2: residues 172*299) were cloned into 
pGEX4T2 (Amersham PhaimaciaBiotech). FAP-1 (Fasassociatedphosphatase)PDZ3andFAP-l PDZ5 
constructshavebeendescribed(l). TheephrinBl Val deletion mitfation was constructed by the removal 

25 of nucleotides coding for the C-tmnmal V346 using a PCR-mediated protocol. The PpuMI/EcoRI PCR 
fragment canymg the mutated r^on was subcloned into die fiiU-lengdi ephrin B 1 cDNA in pJFE14. This 
mutation and all fiidon constructs were confirmed by sequencing of bodi strands of the affected region. 
Immnnoprecipitation and Western blot analysis 

Cos-1 ceib were maintmned in DMEM supplemented whh 10% fetal bovine serum (FBS). 

30 Ttansient transfections wm perfonned using Lqx>fectin reagent and Opti-MEM medhun (Life 
Technologies Inc.) as oudined by the manufacturer. To reduce jdio^hoiybtion of ephrin Bl by binding 
to endogenously express^ EphB recqitors or by stimulation widi serum growth fiwtors, transfected cells 
were transferred from 10 cm to IS cm plates 24 h after transfection and serum starved in DMEM 0J% 
FBS 12 hpriorto cell lysis. TransfectedcellswererinsedonceinPBSAandlysedinPLClysisbuffer(S) 

3 5 widi 10 ligAnl qirotonm, 1 0 |ig^l leupeptm, 1 mM sodium vanadate and 1 mM phenyhnediylsulfonyl 

fluoride added. Immunoprecipitations were performed for 1 h at 4% using 1 ^g anti-ephrin Bl antibody 
or 1 tig anti-IL-3 receptor a antibody with protein A-sepharose. GST mfadng experiments were carried 
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out by 1 h incubation at 4 of lysate with S-IO |ig of fusion protein imm bilized on ghitadiione 
sepbarose. For the peptide competition experiments, peptides were included in tfie incubation witii the 
GST fusion proteins at a final concentration of 100 (iM Beads for both immunoprecipitations and GST 
mixing expmments were washed 2-3 times in HNTG buffer (5). Proteins were sqparated by 10% SDS- 
5 PAGE, transferred to Immobilon-P membrane (Millipore) and immunoblotted widi die appropriate 
antibody. Blots were developed by Enhanced Chemiluminescence (Pierce). 
Fluorescence Polarization Analysis 

Binding constant determination and peptide competition stiidies were carried out using 
fluorescence polarization on a Beacon 2000 Fluorescence Polarization System (Pan Vera, WI) equipped 

10 with a 100-(il sample chamber. Fluorescein-labeled probes were prepared dut>ugh reaction of B ephrin 
C-terminal peptides with 5-(and-6-)-carboxyfluorescein, succinimidyl ester (Molecular Probes, OR) and 
purified by reverse-phase HPLC. The autiienticity of the fluorescein-labelledpeptides were confirmed by 
mass spectroscopy. In the binding studies, the fluorescein-Iabelledpeptide probe was dissolved in 20 mM 
phosphate pH 7.0, 100 mM NaCl , and 2 mM DTT to a concentration of 25 nM and a known quantity of 

1 5 GST- fusion protein added. The reaction mixtures were allowed to stand for 1 0 min at room temperature 
prior to each measurement All fluorescence polarization measurements were conducted at 22X. 
RESULTS 

Identification of potential binding partners for the putative PDZ binding site of B ephrlns 

As one sqsproach towards identifying proteins tiiat interact witii the cytoplasmic tails of B-type 

20 ephrins, the C-terminal regions of the transmembrane ephrins were hiitially exammed for conserved 
peptide motifs that might bind modular domains of intracellular signaling proteuis. The extreme caiboxy 
termmus of die three known B ephrins has a conserved sequence reminiscent of known or predicted 
binding sites for PDZ domains (Fig. 1 ). Two strategies were employed to identify PDZ domain-containmg 
proteins widi the potential to recognize the B ephrins. Firstiy, comparison of the known binding 

25 specificitiesofPDZdoinains»predictedtfaroughtheuseofanorientedpeptideUbrarytechni 

the fifth PDZ domain of the cytoplasmic tyrosine phosphatase FAP-1 (Fas-associated phos|Aatase) as a 
possible ephrin B bindmg partner (Fig. 2A). FAP*1 (also known as PTP-bas and PTP-Ll) has at least sbc 
PDZ domams, an element related to die Band 4.1 cytoskeletal polypeptide, and a C-teiminal tyrosine 
phosphatase donudn (3 1-33). The fifth PDZ domam binds in vitro to peptides widi the consensus E- 

3 0 Q/y/YyY'(y/K)^/Kn), which closely matches die conserved C-termmus of B-type ephrins (YYKV) 
(1). 

A more direct qjproach to isobte ephrin B-binding protems was undertaken by screening a 
cDN A expression library fiom a day 1 0.S mouse embryo with a peptide probe based on the putative PDZ 
domain bmding site of ephrin B3. Hie probe was a biotinylatedpeptide,biotin-Aca-GPPQSPFNIpYYKV 
35 (SEQ. ID. No. 6), coiyugated to streptavidin-aDcaline phosphatase. Although this peptide contained a 
phosphotyrosine residue at the -3 positi n relative to the C-termmal valine, it was anticipitated that die 
alkaline phosphatase used in the screen w uld at least partially dq)hosphorylate the probe, allowing 
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detect] n of both tyrosine pbosphoiylation dependent and independent binding. The screening of 
approximately 500,000 cDNA clones yielded four distinct cDN A products that b und to die ephrin B3 C- 
tennnial peptide, of which three were subsequently found to contain PDZ domains upon sequence analysis 
(Fig. 2B and 2Q. One of these cDNAs encodes a portion of the adaptor protein GRIP, from the sixth PDZ 
5 domain to die carboxy terminus (amino acid residues 642*1 1 1 2). GRIP is an -^1 80 kDa protein composed 
of seven PDZ domains, originally identified by its ability to bind the C-terminus of AMPA receptors 
dirough PDZ domains4 and S (34). A second cDNA isolated by diis approach contained the entire coding 
sequence for the PDZ domain-containing protein syntenm. Syntenm was first reported as a transcript 
down-regulated during melanoma differentiation (termed Mda-9) and subsequently shown to interact via 

10 its two PDZ domains widitiieC-tenninusofthe transmembrane syndecan proteins (3536). Athirdclone 
identified in diis screen was a partial cDNA encoding the carboxy-teiminal fragment of a novel PDZ 
domain-contauiing protein (termed PHIP for eghrin interacting protein). Analysb of the sequence of 4ie 
PHIP cDNA fragment revealed die presence of two adjacent PDZ domains followed by a 50 amino acid 
C-terminal stretch. The PHIP cDNA fragment was subsequentiyttsed as a probe to isolate a transcript from 

15 aday lOJ mouse embryo library, lliepredictedsequenceof PHIPindicatesthatitencodesatotalofdiiee 
PDZ domains and is closely related to PAR-3, a C degm protein involved in regulating polarity of die 
early embryo (Fig. 2D) (37). Of diese Gandidates,FAP-l PDZS and syntenin were fimher mvestigatedfor 
dieir bindmg to B ephruis. 

Syntenin and FAP-1 PDZS bind ephrin Bl In vitro 

20 To determine if eidier syntenin FAP-1 could interact widi ephrin Bl in vitro^ GST-fiisions 

containing die fifth PDZ domain of FAP-1 or fiiU-lengdi syntenin were incubated widi lysates of q>hrin 
Bl-transfiBCted Cos-1 cells. Recovery of diese immobilized GST fusion proteins and inununo-blotting of 
associated proteins widi anti-ephnn Bl antibody revealed that both FAP-1 PD2^ and full-lengdi syntenin 
were able to bind intact ephrin Bl (Fig.3Aand3C). Theregionof ^teninrequiredforbindingtoqphrin 

25 Bl was mapped using GST fiisions containing defined fragments of die syntenin protem. The minmial 
sequence necessary for a strong mteraction included bodi PDZ domains of syntenin but not die ammo- 
terminal dibd of die protem (Fig. 3D). Interestingly, both PDZ domams of syntenin are also required for 
binding to the C-terminal sequence of syndecans, suggesting that the involvment of two PDZ domains m 
the binding of a single target site may be a common feature of syntenin interacdons (36). While the 

30 synteninPDZl domainalonewasunabletoassociatewithephrinBl.theseccmdPDZdoniainof^ntenin 
alone, exhibited a veiy weak interaction. 

In these experiments, neither GST alone nor a GST fusion widi the diird FAP-1 PDZ domain 
showed detectablebinding to ephrin Bl. The idoitity of the -50 kD band recognized by GST-FAP-1 PDZ3 
is not known but its apparent size does note rrelate with any fthe three known Bephrins. Consistent 

35 with this fmding, die binding specificity of FAP-1 PDZ3, as previously determmed using an oriented 
peptide libraiyp is significandy different from diat of FAP-1 PDZ5, widi a preference towards target 
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sequences such as the QSLV-COOH motif m the Fas antigen (1^3). The inabUity of the of FAP-I PDZ3 
d main to bind ephrin BI indicates a degree of specificity in recognition of ephrin Bl by PDZ domains. 

A haihnark of many PDZ domain binding sites is a requirement for a C-tenninal hydrophobic 
residue that contacts the PDZ domain dirough its side chain and C-teiminal carboxylate group (1 , 38^9). 
5 The involvementoftheC-tmninalVal of ephrin Bl inspecificbindingtosynteninandFAP-1 PDZSwas 
initially evaluated by expressing a deletion mutant of ephrin Bl lacking tiie terminal Val residue in Cos-I 
celb. Removal of the C-terminal Val fiY>m full*length ephrin B 1 abrogated its binding to both syntenin 
and FAP-1 PDZ5 GST fusion proteins (Fig. 3B and 3C). 

As an alternative approach towards investigating the specificity of epbm Bl mteractions witii 

1 0 PDZ domain proteins, a specific peptide modeled on die C-terminus of B-type ephrins was employed in 
competition experiments. For this purpose, lysates of ephrin Bl-transfected cells were incubated widi 
eidier GST-syntenin or GST-FAP-1 PDZS in the presence or absence of a peptide corresponding in 
sequenceto the C-tenninalsix residues of Beiriirins. The peptide successfully blocked syntenin and FAP- 
1 PDZS binding at a peptide concentration of 100 )iM (Fig. 4A and 4B). The addition of tiie unrelated 

15 peptide, DHQpYpYND (SEQ. ID. NO. 1 IX did not decrease binding, indicating the specificity of the 
peptide craipetition (Fig. 4A)* 

FAP-1 PDZS and syntenin dbplay differential binding to phosphopeptides 

Binding of B ephrins to dieir cognate ^h B receptors, expression of an activated Src tyrosine 
kinase or treatment of ligand-expressing cells witfi PDGF results in tyrosine lAo^orylation of residues 

20 in die ephrin cytopkumic domain (26,27). Preliminaiyevidencebasedonspecificsubstitutionsofdieiy 
residues in the ephrin Bl tail indicates that the two tyrosines at the -2 and -3 positions widiin the VDZ 
domain bmdhig site are amcmg the pho^oiy lationsites. To investigate whetiier tyrosine phoqphoiylation 
of these residues migjit affect PDZ domam bmdmg, the C-terminal peptide used for the pqytide 
competition described above was also synthesized such that eidier one or both of die -2 and -3 tyrosine 

25 residues were phosphorylated. The phosphoiylated and unphosphorylated pq}tides were labeled whfa 
fluorescein and employed in fluorescence polarization oqperiments to obtain quantitative measurements 
of their affinities for FAP-1 and syntenin PDZ dcnnahis. 

TheGST-FAP*lFDZSboundtoafluorescem-labeledNIYYKV(SEQ.ID.NO. 10)peptidewidi 
an affinity of 9.9 ± 1.0 ^M, while GST-FAP-1 PDZ3 binding was mudi weaker (6S.0+ 9.6 (iM) (Fig. SA). 

3 0 This is consistent whh die GST mixing experiments that mdicated FAP-1 PDZ3 does not mteract stably 
with ephrin Bl . Similar resuhs were obtained when binding to the three different phosphorylatedpqitides 
was investigated, mdicating that ahemative tyrosine phosphorylation states of the B ephrin C-terminal 
sequence had littie effect on bindmg to GST-FAP-1 PDZS. Similar binding afBnity values of 6.8 j^O.S 
|iM, 15.4+ 3.4 \M and 8.4 + 2.5 \iM were obtained for die NIpYYKV.NIYpYKV and NlpYpYKV (SEQ. 

35 ID. NO. 8, 9, and 7 req>ectively) peptides, respectively. 

Fhiorescence polarization experiments measuring GST-syntenin fusion protein binding to 
fluorescein-labeledNIYYKV (SEQ. ID. NO. 10) and NIpYYKV (SEQ. ID. NO. 8) peptides yielded nearly 
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identical binding curves (Fig. SB). Affinity values of 17.7 + 12 and 15.4 + 0.S \jlM were obtained, 
indicating that phosphorylation at die -3 position tyrosine does not significantly afiect the PDZ-domain 
mteracdon. However, the GST-syntenin fusion protein bound the pYpYKV (SEQ. ID. NO. 12) peptide 
with a much lower affinity of 151 .0 +.20.9 (iM, indicating diat phosphoiyladon at the -2 Tyr can have a 
5 detrimental effect on bindnig to syntenin. A similar low affinity mteracdon was obsmed for the YpYKV 
peptide. 

Ephrin Bl and syntenhi can associate in celb 

The possibility that B-type ephrins may interact widi PDZ domain proteins in vivo was pursued 
by assaying whether ephrin Bl and syntenin associate when co-expressed in Cos-1 cells. In cells co- 

10 transfected with ephrin Bl and syntenin (tagged at its N-tenninus with a FLAG epitope) 
immunoprecipitationofe]ArinBl specifically co-precipitatedsyntenin (Fig. 6). Precipitaticm with protein 
A sepharose alone or widi an arbitrarily chosen antibody did not yield detectable syntenin, indicating that 
the interaction is specific. Further, co-inununoprecipitation experiments with the ephrin Bl Val deletion 
mutant, which fails to interact with PDZ domains in vitro^ showed that ephrin B 1 lacking the C-temiinal 

15 Val did not detectably associate with syntenin (Fig. 6). While the truncated protein could be successfully 
immunoprecipitated by antibodies agabst ephrin Bl , syntenin could not be co-immunoprecipitated wiA 
diemutantprotetn. Theseresuhsdemonstratetfaat ephrin Bl and syntenin can associate in cells, and show 
that an intact PDZ domain binding site in ephrin B 1 is necessary for its interaction with syntenin in vivo. 
DISCUSSION 

20 In an effort to identify components of the ^toplasmic domain that may contribute to ephrin B 

function, it was demonstrated that the C-terminal residues of B ejArins cmstimte a binding site for PDZ 
domains, a class of protein module Imown to mediate specific protein-protem interactions. Several Imes 
of evidence indicate that die C-tenninal YYKV sequence, conserved among all 3 known B ephrins, 
represents a PDZ domain binding site. Firsdy, a biotinylatedpeptide probe with a sequence conespondiog 

25 to the C*tenninal residues of epbxin B3 identified cDN As coding for the known PDZ domain-containing 
proteins syntenin and GRIP, as well as a cDNA for PHIP, a novel PDZ domain-containmg protein. In 
addition, a fourth PDZ-containing protein, FAP-1 , was identified as a binding candidate based initially on 
die predicted binding specificity of its fifth PDZ domain. 

Secondly, in vitro studies with syntenin and FAP-1 have demonstrated specific inteiactionsof the 

3 0 PDZ domains of these proteins with the C-termmus of ephrin Bl. The findmg that the C-terminal Val 
residue of ephrin B 1 is absolutely required for these mteractions indicates tiiat binding occurs in a manner 
characteristicof other PDZ domain interactionswith C*tenninal target sequences. Similar results were also 
btained from in vitro binding experiments with ephrin B2, suggesting that PDZ domain interactions may 
be common to all B ephrins. In vitro experiments were also perf nned widi separate GST fiisi ns of 

3 5 GRIP PDZ6 and GRIP PDZ7. Interactions widi ephrin Bl or with die fluorescent GNIYYKV (SEQ. ID. 
NO. 13) peptide were h t detected in GST-mixing and fluorescence polarization experiments. Binding to 
ephrin Bl may require both PDZ 6 and PDZ 7 f GRIP in a fii^ion reminiscent f the requirement fbodi 
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syntenin PDZ domains for binding. Lastly, it was demonstrated Aat B ephrin-PDZ domain interactions 
can occur in vivo, since syntenin can be successfully co-immunoprecipitated widi fiilMength ephrin Bl 
but not with ephrin B 1 truncated in its PDZ domain target site. 

The effect of the phosphoiylation state of two adjacent tyrosines at positions -2 and -3 relative 
5 to the C-terminal Val of the PDZ domain target site was examined using a fluorescencepolarizationassay. 
Structural studies of PDZ domains have suggested that interactions between PDZ domains and residues 
at the -2 and -3 positions of die C-terminal target site confer binding specificity (38-40). In one case, 
modification of residues at tfiese positions by serine phosphorylation has been reported to regulate PDZ 
domain bmding. The specific association between the second PDZ domain of PSD-95 and die inward 

10 rectifier potassium (K*) channel Kii2.3 is disrupted by protein kinase A mediated phosphorylationof a key 
serine residue at the -2 position from die C-terminus of Kii2 J (41). The results widi B class ephrins and 
the PDZ domain proteins FAP- 1 and syntenin suggest that the phosphorylationof residues within the PDZ 
domam binding site has different effects on different PDZ domains. The results with FAP-1 PDZ5 suggest 
that die PDZ domain residues which contact the tyrosines in the binding site of B ephrins are able to 

15 accommodate the addition of two phosphate groups. This is consistent with observations that the single 
PDZ domain of AF-6 binds an unphosphorylatedpeptide with the consensus target sequence AYYV (S£Q. 
ID. NO. 14) and a corresponding peptide phosphoiylated at the -2 Tyr residue with approximately equal 
afiBnity. In contrast, GST-syntenin exhibited significantly decreased binding to peptides phosjriiorylated 
at the -2 residue of the PDZ domain binding site. These data indicate one mechanism through which 

20 tjnrosine pho^horylation of ephrin Bl may regulate interactions Mfith modular cytoplasmic proteins. 
Possible roles for PDZ domain-q>hrin B associations can be proposed based on known functions of PDZ 
domains. Several examples have highlighted the unportance of PDZ domain interactions hi the pnoper 
localization and clustering of transmembrane proteins (42,43). For instance, the positionmg of NNfDA 
receptors and K"* channels at post-synaptic termini is likely dependent on specific interactions of diese 

2 5 receptors widi PDZ domam-containing proteins (34, 44-47). In Drosophila larvae, null mutations of the 

gene encoding the PDZ protein discs-large result in mislocalization of die Shaker channel (48). 
Clustering of Shaker JC dianneb via PDZ domain mteractk>ns has also been demonstrated in C0S7 cells 
co-expressing die channel widi eidier of its binding partners, PSD-9S or chapsyn 1 1 0 (49). 

A requirement for correct localization and clustering figures prominentiy m the proposed 

3 0 functions of B class ephrins. Since ephrin B-EphB mteractions involve direct cell-cell contact, ephrins 

must be present at sites of contact with receptor-expressing cells. This localization may be mediated by 
PDZ domam associations widi the C-terminus of B ephrins. In this regard, it is of mterest that PHIP is a 
close relative of PAR-3, a C. elegans protein that regulates asymmetry and polarity m the eariy embryo. 
It is possible that PHIP has a similar function in mammalian celb in controlling die asymmetric 
35 distribution of proteins with PDZ domain-binding m tifs. Studies involving soluble forms f the extra- 
cellular domain of ephrins have revealed a requirement for ligand clustering in receptor activati n. 
Whereas treamient f receptor-expressing cells with s luble versions of the ligands does not result m 
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receptor activation and subsequent aut phosphorylati n, artificial aggregati n of soluble ephrins by 
clustering antibodies allows activadon of the receptor(18). Smce co-cuhuring of ephrin-expressing cells 
with cells expressing Eph receptors leads to recqstor activation, membrane-bound ligands must also 
become clustered in some manner. Furthermore, recent studies in a renal endodielial cell system have 
5 indicated that the state of ephrin Bl oligomerization is important in determining alternative receptor 
signaling complexes as well as attachment and assembly responses in die receptor-bearing cell (SO). 
Although binding of both ligand dimers and higher order oligomers cause receptor autophosphoiy lation, 
only tetrameric forms of the ligand were able to induce the attachment response and stimulate die 
recruitment of low molecular weight phosphotyrosine phosphatase to the activated receptor. Given the 

10 known role of PDZ domains in the clustering of transmembrane proteins, PDZ domain interactions with 
ephrin B 1 may play a role m the presentation of die ligand in the coirect oligomeric form to elicit specific 
responses in the receptor-expressing cell. 

Another role ascribed to PDZ domain-containing proteins is to act as a scaffold to organize 
signaling complexes. This is well illustrated by the function of the protein InaD in the photo-transduction 

15 pathway of the Drosophila compound eye. Key components of this cascade, including the transient 
receptor potential (TRP) calcium channel, the eye form of protein kinase C and phospholipase C-^ are 
bound by the PDZ domains of InaD to form a compartmentalized signalling complex (5 1 ,32). Mutations 
in specific InaD PDZ domains that abolish binding result in defects in the kinetics of the phototransduction 
cascade. In the case of B ephrins, genetic evidence along with biochemicalstudies indicatingthat tyrosine 

2 0 residues in die intraceUulardomain become pho^hoiylatedupon receptor bindmg or PDGF treatmenthas 
led to the hypothesis that the cytoplasmic tail of B ephrins may have an intrinsic signaling ftanction 
^,6,26,27). The phosphoiylated tyrosme residues represent potential docking sites for proteins with 
phosphotyrosine recognition modules such as SH2 or PTB domains. Downstream components of this 
possible phosphotyrosine-dependent signaling pathway may be assembled around a PDZ domain- 

2 5 containing protein in a manner similar to die InaD complex. Furdiennore, the PDZ domain-containing 

protein PSD-9S which associates widi glutamate receptors and IC chamiels also mteracts through its PDZ 
domains widi neuronal nitric oxUe synthase and a Ras GTPase activatingprotein (pi 35 SynGAP) (53,S4). 

PDZ domain-containing protems may diereby serve as adiqitors to directly activate signaling padiways. 

In diis context, it is of interest that phosphoiylation of die Tyr residues m die C-teiminal ephrin B 1 motif 

3 0 may regulate interactions widi PDZ domains, as suggested by die resuhs widi syntenui. 

Having illustrated and described the principles of the invention in a preferred embodiment, it 
should be qipreciated to diose skilled in die art that the mvention can be modified in airangement and 
detaO whhout departure from such principles. All modificati nscoming within the scope of die foUowmg 
claims are clauned. 

35 All publications, patmts and patent applications referred to herein are incorporated by reference 

in dieir entirety to the same extent as if each mdividual publication, patent or patent ^)plication was 
specifically and individually mdicated to.be incorporated by reference in its enturety. 
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DetaHed Description of th Drawings 

Fig. 1 . Amino acid sequence of tlie cytoplasmicdomainsof tlie human B ephrins. Conserved 
residues among tiiedireeBq>lirins are liigtll^ted. Asteridcsmarlc conserved tyrosines tiuit are potential 
5 sites of pliosplioiylation. Hie potential PDZ domain binding site is underiined 

Fig.2A-D. Identification ofPDZdomain*containlngcandidates for qibrinB binding. Fig. 
2A^ The preferred binding sequence of FAP-1 FDZS is shown below a schematic representation of die 
entireFAP-1 protein tyrosine phoqihatase. FAP-1 PDZS domain specificity was deduced fiom an oriented 
pq)tide library technique (1). Residues witlim the optima] binding sequence that match Ae C-lemunal 

10 sequence ofBephrins are indicated m bold. The organizationofthe PDZ domains of FAP-1 shown in diis 
figure follows the numbering described by Sato et al. (33). Fig.2g, Diagrammatic representations of die 
PDZ domain-conteuningproteins identified through an expression screen widi a biotinylatedpeptide |»obe 
of eprfain B3 C-terminal sequence. The brackets mark die portions of die protem encoded by die cDNAs 
isolated firom the screen. PDZ domains are represented by grey boxes. Fig. 2Q Amino acid sequence 

15 alignment of FAP-I PDZ5 and of die PDZ domauis isolated m die expression screen. The numbering of 
the PDZ domains is as shown in Fig. 2B. Conserved residues are highlighted. The alignment was 
performed with the ClustalW program (55). Fig2^, Amino acid sequence alignment of PHIP and PAR- 
3. Conserved residues are higUightedand the PDZ domains are underlined The alignment was perfonned 
widi the Genestream Align program. 

20 Fig. 3A-C. FAP-1 PDZS and syntenin bind specificaUy to ephrin Bl hi GST-mixes. Cos-1 

cellsweretransientlytransfectedwidieidierwild-typeephrinBl (W.T.)^ die ephrin Bl Val deletion (Val 
A) or were untransfected. Cell lysates were incubated with die GST iusion proteins as indicated and 
analyzed by inununoblotting with anti-ephrin Bl antibody. Immunoprecipitated ephrin Bl or ephrin Bl 
Val A were included as a positive control Fig. and Fig, 3^, GST-mixes with fusion proteins of FAP-1. 

25 C and D, GST-mixes widi fusion i»t>teins of syntenin. 

Fig. 4A and 4B. FAP-1 PDZS and syntenhi binding to ephrin Bl can be blocked by addition 
of peptides corresponding to the C-tenninal sequence of B ephrins. Peptides of the indicated sequence 
were included at a concentration of lOO^M m incubations of GST fusion proteins with iysates of Cos-1 
cells transfected widi ephrin Bl. Associated proteins were separated on a 10% poIyacrylamide/SDS gel 

30 and analyzed by inununoblotting widi antibodies against ephrin B 1 . Fig. A Ay Competition of FAP-1 PDZ5 
binding to ephrin B 1 usmg die indicated peptides. A peptide of sequence DHQpYpYND was added at a 
concentration of 100 tiM as a negative control. Inimunoprecipitation of ephrin Bl was included as a 
positive control. Fig. 45, Peptide competition f the binding of full-length syntenin to ephrin Bl . 

Fig. SA and SB. Flu rescencepolarizati n analysis of GST-FAP*1PDZ3»GST-FAP-1 PDZS 

35 and GST-syntenin binding t Fluorescein-labelled peptides correspondfaig to the C-terminus of 
ephrin Bl. Fig. 5 ^ S hitions containmgthe mdicated final concentration of GST-FAP-1 PDZ3 (O) or 
GST-FAP-1 PDZS (•) fusion protein in mixtures containing 25 nM fluorescein-labelledNIYYKV peptide 
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probe, 20 mM phosphate pH 7.0, 100 mM NaCl , and 2 mM diduothreitol (DTT) were nonitcved for 
fluorescence polarization at 22^C. The GST-FAP*! PDZ5 fusion protein was also measured for binding 
to the phosphorylated peptides, NIpYYKV (▼), NiYpYKV (A) and NIpYpYKV (■). The fluorescence 
polarization values obtained for die peptide in absence of added GST-fiision protein has been subtracted 
5 from the polarization values displayed. Fig. A Bmding of a GST fosion of Ifull-length syntenin to die 
NIYYKV (•), NIpYYKV (T), and NIpYpYKV (■) peptides as measured by fluorescence polarization. 

Fig. 6. Co-immanopredpitation of syntenin-FLAG with ephrin Bl. Cos-1 cells were co- 
transfected with eidier ephrin Bl and syntenin-FLAG or with the ephrin Bl Val deletion and syntenin- 
FLAG as indicated. Cell lysates were unmunoprecipitated with antibodies against ephrin Bl or IL-3 

1 0 receptor a or were treated with protein A sepharose only. Immunocomplexes were subjected to SDS- 
PAGE (10%) and blotted with anti-FLAG antibodies. 

Fig. 7. Fluorescence polarization analysis of GST-PHIP PDZ3 binding to Fluorescehi- 
labelled peptides corresponding to the C-tenninus of ephrin BL Solutions containmg die indicated 
final concentration of GST-PHIP PDZ3 fusion protein in mixtures containing 25 nM fluorescem-labelled 

1 5 peptide probe, 20 mM phosphate pH 7.0, 1 00 mM NaCl , and 2 mM DTT were monitored for fluorescence 
polarizationat 22T. The GST-PHIP PDZ3 fusion protein was measured for binding to the phosphoiylated 
peptides. NIpYYKV (T), NiYpYKV (A) and NIpYpYKV (■) and die unphosphorylated NIYYKV 
peptide (•). The fluorescencepolarization values obtained for the peptide fai absence of added GST-fosion 
protein has been subtracted from die fwiarization values displayed. 

20 Fig. 8 PHIF PDZ3 binds specifically to V-Src phosphorylated ephrin Bl In GST-mnes. 

COS-1 cells were transiently co-trans&cted with V-Sre and either wild-type ephrin Bl or the ephrin Bl 
Val deletion (VA) or were transfected with either wild-type ephrin Bl or ephrin Bl Val deletion alone. 
Cell lysates were incubated widi die GST fiision proteins as indicated and analyzed by immunoblotting 
widi anti-phosphotyrosine antibody, bnmunoprecipitated ephrin Bl was mcluded as a positive control. 
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An isolated complex comprising a B class ephrm and a PDZ domain containingprotetn. 
An isolated complex as claimed in claim 1 wherein the B class ephrin is ephrin Bl or 
ephrinBS. 

An isolated complex as claimed in claim 1 or 2 wherein the PDZ domain containing 
imtein is GRIP, GRIP PDZ6 and PDZ 7 of SEQ.ID.NO. 22 and 23, FAP-1 PDZ of 
SEQ. ID. NO. 21, amino acids residues 1 to 299 of syntenin, synteninPDZl and PDZ2 
of SEQ. ID. NO. 26 and 27, PHIP PDZ2 of SEQ. ID. NO. 24; and PHIP PDZ3 of SEQ. 
ID. NO. 25. 

An isolated complex as claimed in clafan 3 which is ephrin B3/GRIP; ephrin B3/GRIP 

PDZ6 and PDZ 7 of SEQ.ID.NO. 22 and 23; ephrin Bl/FAP-l PDZ of SEQ>. ID. NO. 

21; ephrin Bl or BS/syntenin PDZl and PDZ2 of SEQ. ID. NO. 26 and 27; ephrin Bl 

or B3/ residues 1-299 of syntenm ; ephrin Bl or B3/PHIP PDZ2 of SEQ. ID. NO. 24, 

ctiain Bl or BS/PHIP PDZ3 of SEQ. ID. NO. 25. 

A peptide derived finom die PDZ bmding domain of a B class ephrin. 

A synthetic peptide of die formula I which interferes widi die mteraction of a B class 

q)hrin and a PDZ domain contaming protem: 

X.X'.X».K-V I 

wherem X represents 0 to 70 amino acids, and eadi of X' and 3^ represent tyrosine or 
phosphotyrosme. 

A peptide as clahned m claim 6 v/hmia X represents 2 to 20 ammo acids. 
A peptide as claimed In chum 7 wherem X represents NI, GNI, 
CPHYEKVSGDYGHPVYIVQ(EJ3XM,Q)PPQSP(AJ>)A (SEQJD. NO. 2), 
GDYGHPVYIVQ(EJ)XM.G)PPQSP(AJ»)A(SEQJD.NO. 3\ PPQSP(A^ (SEQJD. 
NO. 4), GPPQSPPNI (SEQ.ID. NO. ). 

A peptide as clahned m clafan 7 which is YYKV (SEQ ID. NO. 5). GPPQSWNIpYYKV 
(SEQ ID. NO. 6), NIpYpYKV (SEQ ID. NO. 7), NIpYYKV (SEQ ID. NO. 8), 
NIYpYKV (SEQ ID. NO. 9). NIYYKV (SEQ ID. NO. 10), GNI YYKV (SEQ ID. NO. 
28), GNIpYpYKV (SEQ ID. NO. 29). GNIpYYKV (SEQ ID. NO. 30 ), or GNIYpYKV 
(SEQ ID. NO. 31). 

A complex comprismg a peptide as clahned in claun 6, 7, 8, or 9 and a PDZ domam 
containing protein. 

A complex as clahned in claun 10 wherem the PDZ domam c ntammgproteui b GRIP, 
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GRIP PDZ6 and PDZ 7 of SEQ.1D.N0. 22 and 23, FAP-1 PDZ of SEQ. ID. NO. 21. 
amin acids residues 1 to 299 of syntenin, syntenin PDZl and PDZ2 of SEQ. ID. NO. 
26 and 27, PHIP PDZ2 of SEQ. ID. NO. 24; and PHIP PDZ3 of SEQ. ID. NO. 25. 
A complex as claimed in claim 10 whidi is FAP-1 PDZ of SEQ. ID. NO. 21/NIpYYKV. 
FAP-I PDZ of SEQ. ID. NO. 21/NIpYpYKV,syntenin/NIYYKV,syntenin/NIpYYKV, 
syntenin PDZl and PDZ2 of SEQ. ID. NO. 26 and 27/NIYYKV. syntenin PDZl and 
PDZ2 of SEQ. ID. NO. 26 and 27/ NIpYYKV, PHIP PDZ3 of SEQ. ID. NO. 
25/GNIpYpYKV. or PHIP PDZ3 of SEQ. ID. NO. 25/GNIpYYKV. 
A method of modulating die interaction of a B class ephrin and a PDZ dcmiain containing 
protein comprising administering an effective amount of a complex as claimed in claim 
1. 

A method of modulating the interactim of a B class ephrin and a PDZ dcnnain containing 
protem comprising administering an effective amount of a peptide as claimed in claim 
6. 

A mediod for identifying a substance tiiat binds to a complex as claimed in claim 1 
comprising: (a) reactmg the complex widi at least one substance which potentially can 
bind with Ae complex, under conditions which permit binding of the substance and 
cc»nplex;and (b) detectingbrnding^inlierein detection of binding mdicatesdie substance 
binds to die complex. 

A mediod as churned m claim IS wherembrnding is detected by assi^g for substance* 
complex conjugates, or for activation of the B class q}hrin B or PDZ domain containing 
protein 

A method for evaluatmg a compound for its ability to modulate die interaction of a B 
cbss efbm and a PDZ doniain containing protein which comprises providing a 
complex as claimed m claun 1 , 2 or 3, with a substance which binds to the complex, and 
a test compound under conditions which permit the formation of conjugates betweoi the 
substance and complex, and removing and/or detecting conjugates. 
A method for evaluatmg a compound for its abflity to modulate the interaction of a B 
class ephrin and a PDZ domain containing protein which comprises (a) providmg a B 
class ephrin and a PDZ domain containing protein, and a test compound, under 
conditions which permit binding of the B class ephrin and PDZ domain containing 
protein; and (b) detecting bmding, wherein the detection of increased or decreased 
binding relative to bmduig m die absence of die test comp und indicates tfiat the test 
compound modulates the interacti nofaB class ephrin and a PDZ domamcontammg 
protein. 

A method of modulating die mteracticm of a B class ephrin and a PDZ domain containing 
protein comprising changing the terminal amino acid Val in a B class ephrin. 
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20. Use of a complex as claimed in claim 1 or a peptide as claimed m claim 6 in the 
preparation of a medicament to modulate the interaction f a B class ephrin and a PDZ 
domain containing protein. 

21. Use of a complex as claimed in claim 1 or a pq>tide as claimed in claim 6 in die 
5 preparation of a medicament to modulate ceUular processes of cells associated wifli B 

class ephrins or PDZ domain containing proteins. 

22. A use as clahned in claim 2 1 wherein the cellular processes are axonogenesis, nerve cdl 
interactions, and regeneration of nerve cells. 

23. A composition comprising a complex as claimed in claim 1 or a peptide as claimed in 
10 claim 6, and a pharmaceutically acceptable carrier* excipient or dihient effective for 

administration to individuab sufiTering from disorders associated wiA a B class ephrin. 
24 Amethodformodulatingpn>lifaation,growdi,ordifferendationofcelkassociatedwib 
B class qduins or PDZ domain containing proteins comprising introducing into the cells 
a complex as claimed in claim 1 or a peptide as claimed in claun 6. 
15 25. A method ibr treating proliferative or differentiativediscMrdersassoci^^ 

ephrins or PDZ domain containing protemsusmg a composidonas claimed in claim 23. 

26. An isolated protem comprising fhe ammo acid sequence of SEQ. ID. N0.1. 

27. A truncation, an analog, an allelic or species variation of a protein as claimed in claim 
26, or a protein having substantial sequence identic with the protein as churned m chum 

20 26. 

28. A fiision protem comprismg an isolated protem as clauned m claim 26 conjugated to a 
protein. 

29. Antibodies having specificity against an epitope of a protem as chUmed in claun 26. 

30. A method for identifymg a substance. whidi bmds to a protem as chumed m chdm 26 
2 5 comprismg reacting the protem with at least me substance which potentially can bind 

whfa the protein, under conditions which permit the bmding of the substance and 
protem, and detecting binding, wherem die detection of bmduig mdicates dut the 
substance binds to the protein. 

31. A raediod for evaluating a compound for its ability to modulate die biological activity 
30 of a protein as claimed in claim 26 comprising providing die protein, a substance which 

binds to die protem, and a test compound under conditions which pennit binding of the 
substance and protem, and detectmg bindmg, wherein die detection of mcreased or 
decreased binding relative to binding detected in die absence of the test compound 
indicates diat die test compound modulates the activity f the protem. 

35 
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Figure 2D 
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I 



LHVl 
QSGl 



|aLTGL§TS^S^NNFS S fi^SRKNPl^WSTT ^G 

KPS RCfflBO^I^GK. P.MN(Sl LRS S ig T E AS GS RT E 



PHIP F 1 
PAR-3 P 
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Figure 2D (cont'd) 



PHIP QLl^ARR^^^^LRS ^p s P A AP ELP^ET ^DDR EI^^S HS L YS G I EGL 
PHIP D^^TRNAAL^I MGESGT 

PAR-3 SpjUls I^MS SHTAPDSLLPSPATRGTSSSGADSSHSRQSSASSA 

PAR-3 VP A VP ARLTERDS I VS DGT S RNDES E LP DS ADP FNREGLGRKSLSSKRG 
PAR-3MGAAADPQHI KLFQDI KH Q R Q N S AP T S S T QKR S K S QP R S S S QR N YR S P M 
PAR.3 KLVDLPTTAAAS AS TNS QNLDDS DMLNRRS QSMES INRPVESILRGTGQ 
PAR-3 IPTGSSSKVQFMQAASPDQHP F P P G A A L LR LKN E E S R S RDKS R R K S MG N 
PAR-3 P FS AMRNFFGFGS KSRDASPEKTPTES VQLRS VERPKS IIDERNNGSSE 
PAR.3 RAPPPLPPHQSQRRGSGGNVF VDYGEP YOLI PQYPHNTTSGYES YADS E 
PAR-3 LYDRYAAHRYHPRGGP I I DEDEYI YRQQSTSGNS P I NT S S Y V N YG L P AS 
PAR-3 NAYHVGSRIPPQTSSGSISKTS G AMR R V Y P A E Y Y D E D V A Y H Q Q 1 PQQST 
PAR.3 RYQQGS GSGRGNADYHHMFNSWFAYTGGGAVGAAPVI KSSYGSSPVRIA 
PAR.3 A AS AIERGESFVVEPVSGSSASATDRRGRSTSSGAVASGSSSTGFQYAA 
PAR.3 KEKYADARSGKFNGGSTRLFI PRHGGGLSAAAFATNFGGEAYETRGGGA 
PAR-3 GGS PS QYRRRDQGP PHRFP QY 
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Figure 4B 
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SEQ. 0. NO. 1 

I LEHGDGGIL DLDDILCD VA DDKDRLVAVF nEQDPHHGGD GTSASSTGFQ 



SEQ. 



S >EIFG5ELOTNNVSAPQPY QATSEIEVIP SVLRANMPLH VRRSSDPALT 
C L^SVSDNNI^SSEEPSRKNFTRWSTTAI^UCQOT 

I SLFPDPSSW SNqroUSf AR SSTr^^™PMV TOWT^QEQD EEGTEEDSSR 

> EPVGHADTG LENMPNFSLD DMVKLVQ VTO DGGPLOEVV I7SARGGS.TL 
C LLVXUJEKGGKAEQENIJFHENDC^ 

> RVIWmWP AANKEQYEQLSC^KEKNNYSP (21FSPDSHCV ANRSVANNAP 
( ALPRAPW^(?TEQlJ3AHPiaiTOAHASTIOT 

A YNnaCVGKRl^lQUaCGTECHjGFSr^ 

I tTXrftT F Afrn TFw nvDL AfflCSQEEWS ULRSTKMEGT VSLLVFRQEE 
^ FHPREMK AH piSQMqfrPgEr XAEDEDWLT PDOXBEgLIF EVPLNPSGS A 
€ LOVSVKCam SKENH ADLGI FVKSnNGGA ASKDCStLXVS XX^LIAVNGES 
I UGKANQEAM EILRRSMSTE GNKRGMIQU VARWSRCNELRSPGSPAAP 
I r PiB TPf nn gcnptjCHW v WlPni flBSP TftNAALSMM QESOT 

SEQJXNa2 

CHfl EKVSGDYCTPVYIV<XE^XM,G)PPQSP(AJ^ 



SEQ.: XK0l4 
FPQS>(Af)A 

seq: :i.Nas 
Yincr 

SEQ IXN «6 
GPK SPPNIpYYKV 
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YKV 



SEQI XNOJ 
N^Y XV 

SEQI ).N0l9 
NIYp KV 

SBQl ).Na 10 

Niyy cv 

SEQ. D.N0.11 

Dm^rpYND 



SEQ. 



ana 12 



AYY ' 



SEQ. 



RRKl 



. D.Nai3 

GNnirKV 
aNai4 



D.NaiS 



HBKHTQQKAAALSLSILASPKOOSOTA (|l'WSI>llllU,TTBNNyCrUyEKVS 
GDy( iUPVYIVQEUeFQSPANrmY 



sea D.Mai6 

YKKl HRialSPQKriTLSLSTlAlTOUJGNNNCISEPSI^^ 
GDY BFVYIVQEMFPf^ANirXKy 



SEQ. D.MO.n 



AKPSESigggOSFaRa O SLGLGCi G CGM 



ODV SFVYIVQIXSPQSRNiyyKV 



wo 00/31124 



PCT/CA99/01101 



-3. 



VTL1 



SBQ. 
FHIP 



SEQ. DLMaiS 

xxxmnrv 

SEQ. D. NO. 19 

xxsayvYoc 

SEQ. [XN0.20 
XXX VYYI 

SEQ. DiNaai 

FAP-: IDZS 

UnJ (SEKASIXarVTKCaYQSIO CVVHDVIQDPAlCSDaajePaDiRLIRVNDTDV 
TNMT fmiAVNLLRAASKrVSLVICBl 

D.Na22 
GUP 1&6 

TVH KRYGCgLOfl'lStf ItliPI-DP mSSLnCOGLAEBTOATHTfrnRTLAaOSSL 
KOS LSEAIUUjQMAGETYIUKIKK 

SEQ. D.Na23 



KDRaffi D F G F S VADGLLEKQ VYVKMllff AGraDVQOJCFyDBIIjQVHHVBT 



RKI OCLWFUAESGNKLDLVISR 



D.Na24 



NIQ[ qgnEGLfflSnSBDVTlOOSAP ITVnomjRQAAIQDQaLKAODTUJHVNQVDL 
AGK QEEWSLLKST1CMB9rvSIl.VIiR 



SEQ. D.Na2S 
PHIP ?0Z3 

EVPI NDSGSAGLOVSVKONRSKENHADLa JFVKSIINGGAASKDtaLRVNDQUAVNCTSL 
LCK iNqEAMEnJBHaBraCHKROMlQlL 
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SE MD.N0.26 
SY fUBNDfniZl 

RE /IU3CDQ1X3aGLiaXSIDNGIFVQLVQANSPASLV^^ 
AC WSSOKAKKVUCQAHSOTAnTRD 

SE {.ZD.N0.27 
SY ^ITENINFDZ2 

RT TMHKDSTCMVCglF PKgC ITSrVKDSSAARNGU.TEHNICEINOQNV 
IG £Z>SQIAI>ILSTSCnVVTITIBdPAF 

SE {.ID. NO. 28 

at nfYKV 

SE MD.N0.29 
a^^YpYICV 
SE t1D.N0J0 

SE^nxNaai 
anrpYKv 

SE 2JD.no. 32 
a XiSFfNI 

SE}.ID.Na33 
Ft: Pin 

T GG t CG 'l' CCT 0GIACC6GM C6MZTCM6 CCGACTGiyGC GCGAGCGCC^ 



51 CACQQCCCCG GQCCGCCGCC GAGCGCGCOl A6AC6CCGAG ACGCCGAAC& 

101 GGIGGCCGa GGCT G CACCC GCCCGQGCG6 G G A C M GC A A GGCCAfiGC(ak 

151 AGQCGGCCOa GCIGGMCAT6 GTAGCCGGGC AGCTCIGTGC GGCCGCCTGC 

201 TCQCQCCTCT AGCCGGCGGC GC60CGGC6C ACOCQC C CCA CCGCGCCCTQ 

251 CGXACAGTCT CCCGGCCCA6 CGCCGCIGCG GCCAOGGACA GCGAGGGftCG 

301 CCOGCATOAA AGTGftCCGTG TG C WCQ S CA. GOACCCGGQT GetCGTGCCG 

351 TOCGSASATG GCCGCATCAA ACTTTTCaGC CTCATCO^GC AGGCCaEOAC 

401 CCGCTAC0G6 iU^GGCCGTCC CCAAGGASCC AAACtMCTGQ ATACAGGTCC 



45X AXOGCTTGA GCATGGAGAIT 6GA0GGXXTC TAOaCCTGQJk TGACATCCTC 
501 TCgl GACG TT G CTQATQKCAA. MlkCMatfTTQ OZAGCAOTAT TTQIWIGMC^ 
551 GG2ISCCCCAC CATGGAGGA6 Ar GGTA CCAG CGCX&OCTCC ACGGGAACCC 
601 AGAGTCCAG& GASASTCGQC AGTGAOCTGC GCACCMCAA TC I WI - GC T 
651 TTTCAGCCTT ATCAAGCCAC AAOTQAAATT OAGGTCACGC CTTCAGTTCT 
701 ATOC C TCTTC ATGTCCG C CG GAfiCAGCGAC CCAGCTTTAA 

751 CWG C Cl T g C CACTTCTGTC AGT6ATMCA ACTTTTCCTC AGAGGAGCXC 
801 TCCACCIOAA ACCCCACCC6 CTGGTCCACC ACAGCTGGCT VtCSCMGCK 
flSl GMCACCGCT OQAAOTCOCA AAAOCTGCGA CACCAAGAAA GMFGAAMCT 
901 ACAGMfiCCT TCCAOGGGAT CCCAOZAlGCT GGTCCMCCA GTTGCAGOGA 
951 GACAACOCCC 6CTCCTCCCT 6AGC0CCA6C CAOOCAAffQG TAC A CCgCTG 
1001 GCTGGAOIkAS OUGAACACG ATGAGQAAGG CAOyBAAOAA GACAGCABCC 
1051 GACTGGAGCC GGTTGGACAT GCTCaXACCG GATT6GAGM CATGCCCAAC 
1101 TTTTCCCTCG ATGAXATGQT AAAGCTCGTA CAAGTCCCCA ACGKT&^CG 
1151 GCCC C T GGG A ATCCATGTAS TGCCTTTCAG TCCTCGAGGC GGCAGAACAT 
1201 TOGGCnCra AGTGAACCGG TTGGAlBAAAa GCGGXAAGGC TCAGCAAGAA 
1251 AA LVlTni ' ^? ATQAGMilGA CTGCATT G T G AOGATTAACG XtGGAGAtCT 
1301 TGOAAMCABA AQMTXCMC AAGCACAACA TAIOPICCGC CAAGCTMCC 
1351 GTGOaCGIGr CATTTGGTTC CATGXGGnCC CTCC A OC AAA CAASO M C A A 
1401 TKCQMCMC TGICCCAAC6 CGAGAAfiAAC AACCACTCCC CAGQCCaCTT 
1451 CftGCCCTGW: AOCCACTOPC TCGCCA»CAG GAGXOIOGCC AACAAIQCCC 
1501 GTCAAGCAIT GCCCAGABCA CCCAfiACTGA GTCAGCCACC CGACCVyT Q 
1551 GATGCTCaCC CCCGftCTACC TCATAGTGCT CACCCCTCAA CCAAACCACC 
1601 CGCAfiCCCCG GCCTTGGCTC CACCCACTGT QCTTACTACC AACGTMGCA 
1651 OTOIGIACAA CACGAASAAA GTAGGCAACA C5GCTCAACAT CCflfiCTTAAfi 
1701 AAASCTftr^'^ AAfiBACTGGO ATTCAQC2WTC A C CT C C CG GC AC(nt:ilCCA!r 
1751 AfiGIGGCTCA GCTCCCATTT ATGTCAAGAA t!ATOC?rTCCT CaMaSSCTQ 
ISOl CCATECAGGA TGGCMMK AAGGCAGGAS ACCG6CTAAT AGAGGZCAAT 
1851 G6AGXAGKRF nGCAGGCAA ATCCCAfiGAG GMGTTGTTT GCnGTTG&G 
1901 AAQCACCAM ATGQAQQBCSA CTCTGRGCCT WiWrCOTT CGTCAfiSAAG 
1951 ACCCTTTCCA CCSCAAQGQIkA ATGAATGCT6 AACCAAOCCA GAXGOfiACT 
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Losi TJtfXAQCGAC 

klOl CAGG6CTTGQ 

klSl GATTT6GGG2k 

P201 KSXtQQMBG 

251 CTCTACTG06 

hoi ATQXCCACOG 

aSl GCGGAilCAfiC 

MOl CTGAfiCTGCC 

2451 C2iCTCCCTCt 

ksQl CGCAGCACTG 

bSSl ACTC 



TTTCTGACTT 
TGICAOTGTC 
TCTTCGTT3UI 
CTGTtfjGGTAA 
CAAAGCCAftC 
AOGGCMCAA 
AlGATGTMCQ 
CATCGMACA 
ACAGIGG6KT 
AfiCAOGMCAA 



jyCSATGMGAC 
nOMGRCC 
AAGGGGMCC 
XPCCXTTOTC 
ATQACCAGCT 

GCGTGGCAIG 
AGCTGCGGXC 
GMCXOGAiXG 
CGAGGGGCT6 
VGQCSTGACTC 



tfrrurr cT CA 

ACT6MVIGAC 
GTTCCAAAGA 
AATGGTGGAO 
GATAGCTGTG 
TCGA6ACTCT 

axccagctca 
tcctgggagc 

ACC6A6MCG 
G^T6AGVC6C 
AQCMCAZAO 



CACGCGKZGO 
TCAGGKTCTG 
GMCCACOCX 
CTGCATCZUk 

ACGGiVGGTCC 
TTGTGGCGftO 
CCT6CTGCAC 
CAGGATCTCA 
CCACCAOGMk 
GATTTGCai!! 



QPQBjjKIVVPWKHSIXWVGai^^ 
bDVLEEVFDUiYDQIIAriDEANCKBIT^ 



„.«QPlIJBSSLMEASOmTEBAT?VlCQSRVTLSPEVEKP ^F v ^ 

^^..JVttASBDLAAVTSBPVTr TTNHSI FSFLEQESSAKWQSAL QQANTQ YIOH 

. KFrMV fHnfigW .VSttVSOSAIMSTSASffiNKENEEnJCVVEEEiaP^ 

.neon W WAPPPmiFfTf fiBKST SWCHfMr.AAADPQHim^IiaiQRQNSAPTSST^ 

^__jpQmfypqAitT^»^ TOimCTCTnicSBgKXMGMPFSAMRNPFG 
MOTnPxSvS^SVERPKSmSBRNNCSSERAP^^ 
jYraWTTSGYEnWMELYDRYAAm 
iSSSwGSBIIWirSSGSISKIS^ 
KiSS^^GCKlAVCAAPVIKSSYGSSP^^ 
MasraSGAVitfGSSSICTQnr AAKEKYADAHSGKENGGSntli^ 
lYEnaGOAGOSPSQyBKBDQGEVHBEFQy 



